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DETERMINATION OF THE EI.AS1 1C CONSTANTS OF 
MONOCLINIC CRYSTALS FROM THE STUDY OF 
DIFFUSE X-RAY REFLECTIONS 

S K TAI.,\l*\Tlt.\ VXD li K SKN 

(VDIW* Vssoi I \TH»N lui; I’llK ( I i;i l\ XTIION OF S( IKN«'K, ( ' \ L< 
ifhirr/riil Si ph tuhn HR* 1 1 

ABSTRACT Tli '<ir’((ii‘al ii'ImI iinisl»l|K iiiic I crt'i 1 X-rny iiiIfumj- 

tu's finiii moiini'Iiinr r|,iv-. (il <*i \ si \\i(li Its coiisi .m j s li;iv«' (lrn\i‘(l by a propi'r 

choice o| r(*hc«'(iiic; plane-, .ind lallac w ji\ c noniia.ls M’cl ho<l.s ol on alnal loji of all Hie fhirlooii 
cKi'-Im cons;! ii.nt s fi’oio (paoil ital i\ i> iiiiMsin'cint iil - ol ihcrniil difTiisc scaltcnn;^^ of X-niy'^ 
lia\ c l»'‘<'n d«*s< I ibed 


1 \ T H O l> I ( T I () \ 

Th(‘ cln^tn* cniistanls ol tin* nioHoclinic class ol crvslals tnd lM*oj) (It'trr- 

up to the pt‘(‘S“nl l)\ the <|iiant itat i\ (‘ stinly **!’ tinunial diffiisi* scat-t(‘riim 
ot XH’a\s Since a larn<* uiiiiiIm*!* o( enstals. spt‘(*iallv tin* orLUuiie oih‘S, lielon^ 
to tin* monoelini* class, it is o|‘ intt'fest to see how h(‘s| tin* X-ray nn‘thotl could 
he applied in (liis case, (hyslals ol hinin*!' syimru'try ha\(‘ not lewt*?- mnnher of 
clastic cjinstaiits and th(*y wi'i’t* determined <piit(* <at islac tonl\ t'roni the study of 
difiuse X-i‘a\ re|j(*etion In Woostt'iw/ /// {\\’oosl(‘r, l!M)2) ( diakndiorty tuif! S(*n 
(IHoS) and otln‘r.s (Srisa.^lasa and (diaKtahort\ hM)2 doshi and Kashyap, 1!H»4). 
In the i-ase ol inonochnic crystals whnh inxoha* l‘» elastic constants, a ijiven 
ineasur(‘nn*nt ol dillus'* intensity depends in neiieral on a nnmlM‘r ol (‘lastic cons- 
tants and h(‘iice r(*duc**s considerahly t In* accuiai \ ol »‘\'a hiat-ion ot any indivitlual 
(onstant llovy(‘y(‘i- the M*cij)focal lattm* nodes and \\a\'t* y(‘ctor> havt* he(*n 
can fully (host*!) onl> for those A"-\ahies ,\hich an* associated \eith minimum 
miinin'r or(*lastic constants and they ai’c ni\en in Tahle I and II 

r M H () K ^ 

Accordine to t In* classical tln*oT’y of clasti(‘it-y t\’oict IDIO) t he (*]astic constants, 

(’,.2 ('t(‘. in tin* inoiioelinic s\stem (d’ crystals are jjfiven hy the matrix 

'll ' 12 


(V, 


n 

0 

{) 


4r> 


2(; 


0 

0 

c;. 
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where the frame of reference is the three orthogonal elastic axes in the crystal. 
The X and Z elastic axt^s concido respectively with the c and b (Tvstallographic 
axes, and the V elastic axis completes the righ than ded orthogonal axial system), 
thus making an a(‘ute angle with the axis of the mono(?litTic lattice. 

The intensity of the first order thermal diffuse reflection in a direction from 
an ehunent of reciprocal space has been found to be proportional to 


M23+2.73!7i 


whe're /^./ii/a ^tre the direction cosines of the thermal wave vector and g^, g^ 
are th(‘ direction cosines of the reciprocal lattice vector corn^sponding to the point 
hkJ with respect to the elastic axes of th(‘ crystal, and (d Mji ekunents 

of matrix inverse to the matrix A w inch is given by 


/ ^ .. 

! A..0 

I 


0 



/ 

! c 

j ' ttfl 


^55 

0 

0 

16 

. /■ 2 
/./. ; 

(\„ 

O44 

0 

0 

2r2« 

; /.• 1 

1 ^55 


0,5 

0 

0 

2O4, 

1 f"* i 

1 

1 

' 26 


0 

0 



" 

0 

0 

(^36+^45) 

(^134 r^ 55 ) 

0 

fsfi ; 

\ »' 

0 

0 

(0.23+ C44) 

(^^>4 ^^45) 

0 

1 f,f 2 / 


It is evident from Table T that the elastic constants 0 ^^, C'44 and can be deter- 
mined independently from the observed values of K[1 00] K[010U andK[00lU, 
By substituting the values of C55 and C44 in the expression for K|001 K|00l]^^ 

and Kf(K)l];,<,n C45 can be evaluated. The constants, C44, C45 and 0^5. when substi- 
tuted in would aslo give O3.,. From Kri00];,^„, K[ 100 |/^^i andK (lOOl^o/ 

three first degree equations in terms of Cn ,Ci6 and 0*6 can be (obtained, and by 
solving them the constants can be found as follows : 


c„ = K\m\^ I ■ 

' sin^ /f 


C 


68 — 


S'!* 

sin^ /i 2 sin fi cos /? 


- 2!/, <72 

2 sin /i cos /? ! / A 

I 2 sin 00s fi cos* -Kf l(X)]o„, 



C 


]6 


P* ~^i9t 
sin* fi 2 sin /? cos p ' 


fi' 2 * X|100]/jo/ 

cos* A-K[H)0]„„, 


I 

sin*;? /a 



A'-values in the inonoelinic system; = raonodinic angle. 


Determination of the 


Elastic Constants of Manoclinic 


etc. 
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where the frame of refereiue is the three orthogonal elastic; axes in the crystal. 
Tlie X and Z elastic ax(‘s eoncide respectively with the r and h crystallographic 
axes, aud tlie )' i*lastic axis completes the righthanded orthogonal axial systcmi, 
tims making an acute angle with the axis of the nionoclitrie lattice. 

'rh(‘ intensity of tlu‘ first order thermal diffuse reflection in a direction from 
element of n'ciprocal space has l)een found to ht^ proportional to 

hkl - Mil < r/2^(^"M22 ' 'krl Mi2 

M23 t 

where /i./g./a are the direction cosines of the thermal wave vector and gy, r/g, g.^ 
arc* th(‘ direction cosines (»f the reciprocal latti(*e‘ v^eetor corresponding to the point 
kkJ with respewt to the elastic axes f)f th(‘ crystal, and (d Mii ^^^-e the elements 
of matrix inverse to the matrix A which is given by 





f'os 

0 

0 

-1 IG 

/fr 

] 

1 1 f on 

^'22 

f^44 

n 

0 

•>c - 

2« 

; // 

Aa., 

i ; 


^ '33 

0 

0 


i 

A, 2 

1 

^16 

^ 2fl 

^ '45 

0 

0 

f'ne) 

f/.a 

A.n 1 j 

0 

i 

0 

0 

(^30 '* ^ 45 ) 

(^13-1 a>r.) 

0 

^3^ 


i 0 

0 

0 


^ C,,) 

0 

1 f,fj 


£t ifl evi<lent from Table T that the elaatie oouftanta C.,,,. V^^ aiul can bo deter- 
mined independently from the obatfrved values of K| 100 ] „4„, K| 010 J„t„ and Kr 00 lJo(.„ 
By substitiiting th<' values of and C44 iii the expression for K[0(tl KfOOl]^ 
and Kf<K)l 0 ^^ ean be evaluated. The eonstants, O44, anfl when substi- 
tuted in Kf00l]„*„. would aslo give 0 .,.,. From K(I00]*„„, KfJ 0 O|*oi andK {100],„ 
thnw first degree equations in terms of .C„ and ean hv obtained, and l,v 
stdving them the constants ean be found as follows : 


n 


n 


K|1001*„ 


f/)- 

sin® // 


2 siti ji coH /? ■ / A 


r 




(/l* - 

sin^/y 2 sin /y cos /y 


2 sin p cos p 00s* p - Kri00)j„, |/ A 


( ..-rr 

sin* fl 2 aiji /? cos fi 


6 r**-K1100],^ ! 

cosV-KflOO]^, sinV /a 



TABLE I 

iT-values in the monoclinic system; ft = monoclinic angle. 
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(022+ C44)}> 

A:i =■( (Cll + CJ55)(t^6e + C*44)^t?.^5 +(\{ 2 ) + C5r,)(C i»5+045)2 — {Cji; — 045)2(0-;-, -rC.{3) -r 2(( HJ— C45)(( 3 ( 5 . )(C .:i; -f" O 45 ) — (O^,; 

066 + 044 )^ 
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w'hero 

Hi --K1 IaoJ ; S'!® - 

A = K[100]a„„ 

2 sin p ens p cos^ p ~ K| lOOj^^j,/ fiin^ p 2 sin p cos p 
K|IOf>]*„, i 

(•()H2//-Kn(»()l^ sin®/? 

t 

Having obtained the valiu* of 0^^, the constans (bj|and Cgo <*aii hr i^asily ('valnatt^l 
with the lielp of KIOIOl/,^,/, K(()10|,,„/ and K[()ldh^ as follows : 

I 

^ i sin/y eos/y K|01()l^,,;)l 

ij^ sin ~p Kfbl ()],,oo(f/i cos p 4 f/. sin p) | sin p 


(1 - «iiiV^ tvf OlO L/) eoH/?~f/. sin/y) 

2 sin p f/i Kf 010 ] 4 <,^,(fy 2 win p \-gx cos p) 'Ig^ sin p 

Thes(‘ two constants (an also b<‘ det(‘nnin<‘d from tht‘ two equations derivtul hy 
associating KfOlO]^,,,/ witli and Kf()10|;i^,/ with The value of 

( 1^2 is derival)le from tin* r(‘lati()iu 

.1 1 I 1 


I I 1 
K 0 

1^2 V2 J - 

r 1 1 1 

K - - -- 0 

\/2 


((\,^ C«e-| 2CV) ■ ■ 

ii’ all the other (constants in it are known earlier. 

r I 1 1 

This can also he obtained hv linking K -~0 with 

^/2 \ ^2 ' hoo 


'‘llT rl*-i i11t 

K “ 0 or K , — 0 with K From the 

^ \^2 \^2 'oko l\/2 -\/2 . ««« I* \/2 ■\/2 ooh 

ratio of K fc)— ^ 1 and Kj 0 we obtain the relation, 

L y/2 \/2 ihoo L y/2 loko 


ratio of K 


and K 


111 

I 0 w(^ (jbtain the relation, 

t '\/2 \/2 loko 


] I 


V2 V^rihoo^ ((^«e+C5,)(C,4+033b-(Ca6+C45i^ 

~_r i_i (c;«+cVBKc,2+c;;j~(C2,4-c«)* 
\^2 \/2 J oko 
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and when i\w known values of (^ 44 , C 45 , Co^ and Cgg are substituted, a 

second degree ecjiiation giving two vuiiies of Ogg is (»btaiued. SiniiJarly, dividing 

^ LI |b~-L -Lril values of ('33 are available. 

Tli(*refbre. tb(‘ above two eonstanis (*an be determined uniquely by (H)mparing 

th(‘ valu(‘ of A.,, as obtained from Kj 0 - * - ^ j witJi that ealcuiated from its 

^ 

general expn^ssion using dirf(*nuit combinations of the possible values of 0 .,^ and C 23 . 
The only eonstant tliat is left now is and this can be aseertain(*d from the 
eommon vahu* of the two pairs of voilues obtained by solvdrig tlie two independent 
s(‘e()nd (l(‘gre(* (‘(gjation in derived from the ratios 


■ ‘ 0 

K [ -1-0 


V-’ 


and 


Aoo 


k[ L (. 




O^'O 


k[ ' 0 

^ V 2 \/2 ' 


tin* (‘Xpressions for wbieb eati [)(‘ obtain(‘d frojn Table FI. 


Th(‘ aecMiraii' detcu nunation (»f tlie (dastie constants from the study of diffus(‘ 
X-ray refioetions. s[K*eialIy when the photographic technique is applied, is limited 
b\ the (UTors involvcMl in the measurements of intensities. In tin* present ease 
maximum acumraey is attainal)l(‘ only in the evaluation of O 44 and The 

measurement of Iv((K)I vbieb involves same direction cosimss for the Avave 
vendor as well as th(* r(Hi})roeal lattice vector, is not likely to provdde an accurate 
value of C 33 . Inaccuracy in the (‘stimation of each of the other constants depends 
t>n the number of pixuletermined elastic constants required for its computation. 
The* method of <* valuation of all the 13 elastic constants discussed above is being 
utilised for finding the constants of a few erv’^stals. 
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ABSTRACT. Wo luisc^ fI(‘riv(Ml an cxproHsioii for pHncipal ionio MiHc<»p- 

liLililio.-* K; (I f( or X ) along aiul ])orpou(lionlar to tho trigonal axis t)!' C-oSiF\;, crystal, 

oi) tlio i) 'osis ol’ molocnlar orbital tlioory of Ktovons (1R53). Bose e( til ( HUi(I) and compared this 
willi the (‘xporiraontal results by ono of us (L.C.J.) Tho anisotropic reduction in spin-orbit 
cf)U]»lij‘g ('ot^fficifMit is du(‘ to tho overlap of (\)-+ (/-o-bargo clouds with .v- and p-ligan<l charge^ 
clo\ids. Tho inertMst^ in trigonal field coefTiciont A below 90°K is duo to thermal expansion 
or relaxation effects but the large' docr(*avso in the region of 250' K appoTirs to bo duo to somf» 
kind of pliaso transition nwc'i'siblo in charactf'r, ovidoncc' for which is availabh' from somt' 
of the r<M*ent moasTirem(mts Ix'tweon 90'^K t-o SOtCK in our laboratory. 


I N R 0 1 ) U C r I 0 N 


An octahedral field of the type Of, splits up the ground state of free 

(' 0 ^+ into two triplets ‘*7\, and a singlet of suce(^ssively increasing enc'rgies, 
tlu* overall separation l)eiiig ~ 21000 eiu“^^ (Abragam and Pryee, 1951). There 
i-'. au'itlp'r term coming out of the same configuration 36?^ of tlie free ion 

v\hich lies ahov\' ^1\{F) at about 19.800 (?m * in the crystal (Ahragam and Pryee, 
1951). Ahragam and Pryce (1951) liave given a theory of tiu' Co‘^'ion in a cubic 
field with a small tetragonal or trigonal compommt to (explain the paramagnetic^ 
resonance data on Oo^' Tiitton salts and (^oSiF,j, 6H./) (Blcaney and Ingram , 
1951). The effect of admixture of excited Mj,, It'vels upon the loAvest 

T^^{F) level in this theory, has been included through tho orbital Lande g factors 
a, a' ( II or respectively, to tlie trigonal or tetragonal symmetry axis as tho ease 
may be of the Co‘-®+ ion), which are appreciably different from the free ion valium 
3/2 for F state, Bose et a! (lOfil) have listed this theory to explain the jnagnetic. 
wsuscoptibilities of Co^+ Tutton salts, without introducing tlu^ effect of the overlap 
between the 3(i-orbitals of Oo®-^ and the 5-and p-orbitals of the ligand atoms. 
In the present paper while deriving the expressions for magnetic susceptibility and 


"‘Address: — L. 0. Jackeon, Royal Military College, Kingston, Ontario, Oanada. 



A. Bose, L. C, Jackson and K. Rai 


s 


aniKdtropv of tlio trigoiially flistortcul OHgO complex the more general mole- 

cular or)»itaI ai)proach is follov>efl. The susceptibility jueasnrenients of one of 
11 ;^ (L.('.J.) oil ('oNiFo, hHgO in the range 300 K to have been used to eva- 

luate th(^ tiieoretical jmiaimders. Tlie salt is isoin orpin ms t<^ tlie hydrated FV+, 
and (hr-'* Hiiosilieat(^.s and is of trigonal symmetry (spa(?e gr. Pauling 
1030). u'itli a single trigonally distorted (C<r^, OHgOJ octahedral complex in the 
unit cell, so that the principal ionic sus'*(»ptibiliti(‘s Kj (/ — ' or to tlie trigonal 
axis of tin* ion) are ich ntie.al Avith tlu' measur(*,d valu(*s Xi (primipal gin. 
molecular susc(‘ptil)iliti<‘s) of t-hc crystal, cornn-ted for diamagnetism. 


M i) I. K r r L A H () \< 0 I T A L T H K () K V 0 K T It I G () N A I. L Y 
I) I S 'r () H 'r K I) ((‘o^4, 0H..()) () AT P L K X K S 


(a) 77/c nthir fif’h! (trhitaLs o/‘ (< V/- ‘ 

ion can he considered as a system consisting of three ^-hoi('s in the 3r/ 
sulishell and tin* si*veral stat<'s and ari.se out of 

<*f>ohguratu>ns respectively. ^fln* 
detenninania 1 Move functions for the h)\v(sst trjpl(*t ^1\(F) (considering only tin* 
orbital part) can Ixi written as 



1 ^ 1 

l/f. 

1 Vb'h 1 

- 

1 Vfc'rl 


(1) 


which are in lu.*’ivc of the overlap of surrounding lican i .s-a.id ‘rbitals with 
central metal r/-orbilals as ^dven by 


“ A" \ 7r?/_. 4-;rx- i nyA ] 1 

th -- A f <iy^T .y {n.r, { TT/Za ; TT.r ,, -1 TTy/rJ | 

tf - X ^ (7ra:,,+7r,/i f rr,/,,) j ^ 

c„ r- > ^ {«r,+o-4- o-.^ jtr) 1 I 

e,, A" (2<r^ \ 2«rg (rj <r, ■ j 


( 2 ) 
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where N'*s are normalizing (jonstants are the amounts of admixtures of the 
s- and p-orbitals with the d-orbitals. Here all <r*s^onds are described by' using 
5 ;- coordinates of the ligands and Tr-bonds by u8ingj>jr and y coordinates, all z-co- 
ordinates of the ligands pointing towards the mota| atom (Van Vleck, 1936), 


(b) Trigonal orbitals 


The appropriate trigonal orbital states for th(^ |owost triplet of 00^*^ complex 
on quantization along the trigonal axis, an^ 




|o)=v^. 

I 

I 


(a) 


where cu exp^ j and yV, eto., arc given by (1 ). The overlap of the surround- 


ing ligand .‘j-and jt>-orbitals with the central (^-orbitals introduces two orbital reduc- 
tion factors, (Griffiths, 1961) (i) k within a manifold of orbitals (ii) k between 
a ^ 2(7 ^i^d eg manifold. On actual calculation it is seen that so long as we are 
confined only to ^Ti(F) state of Oo^+j only the factor k is of importance. Also 
in consequence of this the anisotropic reduction in (i || or to the trigonal 
axis of the ion) the spin-orbit coupling paramoter, from its free ion value, is mainly 
due to the overlap of /^-orbitals with the rf-orbitals. 


FINE STRUCTURE 


The three states | » 1 6 / » I behave as the three orbital components 

of atomic state with 1/ ^ 0. --*1 respectively. The appropriate Hamiltonian 

for the lowest triplet state is (Bose et al, 1960, 1964) 


a - + (4) 

where £ is a coordinate (not to be confused with spin-orbit coupling) along the 
trigonal axis of the crystal and 17 , C ^ mutually orthogonal right handed 
set of coordinates. 
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Operating with the above Hamiltonian upon the effective *P-term and 
solving we get the eigen-values as follows : 
iff, — 

iff 2 = ctZ\\-Xi 


A’a - H(A h afii)-{<A+ i a£|,l*-l-6a'*Cx*}*l I 

Hi — - f a^^li 

iff, - i [ (A - ^ ttf:i)+{(A-f i 

iff, = aC||-j;,j J 

where ^Tpajjand are the r<K)ts of the (‘ubio eqn. 

r3_a:a(2+A)+ ( 2^4 ! “ 2 I 


(S) 


where 


S ^ 


A 

a?.: 




A is the trigonal field sejiaration between the split components (a doublet and a 
singlet) of the ground triplet The corresponding eigenstates are : 




1.5^ 4 /1,10. i^+c,|l. 


<^1- 

=r- a, 1 1 

4-h, 1 0. -t-c, 1 

-l.i> 


a* 1 

1. I^4-c,ii. 


02- 

-- fit 1 1 , 

■!' />2 1 0, 4 r,,^ j 

M> 

03 

- a»|0. 

|^+h,|l. 


03“ 

- rt,|0, 

f>+/>3| 1 


04 

- 11. 1 

> 

r 

04“ 

=- 1 1. 

«> 


05 

=■ 1 0, 

V ^ + /'»l i> 


05- 


- I> +/*.!- 1. -i> 

1 

06 

■= «,l -1 


■*> 

06^ 

~ '*« 1 1. 

4 ^ 4 6, i 0. - 4-c, ( ■ 

'■*> J 
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whore 


V t S 

la&i-i 

y2a'?x 




bi 


- ia^n-Et 
ai*+V-'-c<* = 1. ?■ == I, 2, 6. 




(7) 


a/4-6/= I, / = 3. 5 


The energy values are formally the same as in our eferlior pajjer (Bose et aU 1961) 
except that in the present the spin-orbit coupling coeflfittiont in crystal is necessarily 
anisotropic and the effoc^t of (5<jvalency overlap is automatically introduced in 
the wavefunctions (jporated upon by the Hamiltonian (eqn. 4). 


EXPRESSION FOR SUSCEPTIBILITY 

Calculating the effect of the magnetic perturbations fiH{L+28)i upto 
the second order, we get the expressions for principal magnetic susceptibility 
Ki (i = II or to the trigonal axis of the crystal). 


In the present case these are : 

(-V' (-V*) 

) 


+2(3-«.„) a«p( ) +2t{ , “P ( 


Ef—Ei 

kf 


+2(3a,a5-aA:||6s6s+M6) ( e^P ( ~ '’^P ( 

^ ’) ) ] ‘”‘P( 

+0„. „p ( +8„. exp ( 

+<>-• »P ( +«»• »P ( ) }1 , ' 


MS) 
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where 


H-.2i ,2p( 


G^,' = 4[{^(«<* 11+ -2Ci*}+{(3«/-Ci*)vi+6,S 

+ ( V^Sibi — \/8biCi)\>3 }]* 

--- 4[{ -■ ■^^;^Vf+-t\/3"fC,-+4v| 

+ 1 V^4+‘’*'^6-+ \/3 V{V6+ -s/SVl-V? |] 


/-.2'0 — Aj i=-3,6 Ej — A, 


^ S sr-TT^" ^ et- -„, 

UJ.6 El—tj^ j-3,6 Ej — E^ 


{? ^ . 2) -3l_ 

t*3,5 


a ^ - Y. -j- ^ 

'•^2« . ' ET ’"p ^ jF' JP 

I f-l,2,« Il/i — XI^4 — -C/j 


rV-=s 2 


«■«; 


i-i^zEf—Ef isfiEj — E^ 


... (9) 


S« — 2[a»(|i(ai«r -CjC()+(3a<a;+fe,fei— Cj-rf)]® 

,’ I t 

fit =2 1^-- (6^Cj+6jC{)+(\/3w<C;4-25j6;4- •\/S®iC4)]* 

% = 2 (a<ai+6ifej)+(\/3aA+26^c<) j* 


}■ ..- (10) 


I 

J 


■; v’fl’ fti?e as given by Abragam and Pryce (1961, page — 182 eqn. 4.7) 
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DISCUSSION OF EXPERIMENTAL RESULTS 
(a) g^valms 

It is not possible in the present instance to d|cide a priori from the ,y-values 
the sign of A, without exhaustive trial and error fetting of susceptibility and ani- 
sotropy data, since for both positive or negativei signs the ground energy level 
01^ remains unaltered. With A XJositive the nextmigher energy levels of sufficient 
importance are (j>x±, (f>^± and ^e± aAnding order of energy, where- 

as, with A negative these are , 02+ 0e+, 05 J and 04+ . For CoSiFe, 6H2O 
absorption bands have been observed at 21000 and 18800 cm-^ which have 
been assigned to the transitions ^Ti(F)-> and|^Ti(F)-> ^T,(P) (Abragam and 
Pryce 1951). It has been found that in ordel to fit both the experimental 
susceptibility and anisotropy values for the s^Tts, with a reasonable set of 
parameters (see Table I) in the givini range of teiliporaturos, consistent with the 
above spectroscopic data, A must be positive. For this, the energy level scheme 
is as given in equation (5) in correct order of increasing magnitude. The 
^-values are given by ; 


g\\ ^ 2{2ak\\(a^ 

gj, = 2{ — \/2hca'k± -\-2\/^(ic+2b^} 


( 11 ) 


Bleaney and Ingram’s (1951) experiment at 20 A^K on CoSiFe, 6H2O diluted 
with ZnSiFfl. fiHgO yields four sets of g\\ and g^ values 

^11 

5.80 3.44 

ffi.fiO 2.62 

^ 6.60 2.82 

[3.58 4.09 

Since the intensity of the lines of subsidiary groups remain unchanged due to 
further lowering of temperature, Abragam and Pryce (1951) interpret the extra 
lines to bo due to the ground states of inequivalent cobalt ions situated at different 
lattice points, where crystal field was different in magnitude. The g-values at 
room temperature cannot be measured ouing to very small spin lattice relaxation 
time. It is very interesting to note in this connection, that the undiluted salt 
CoSiF 55 6H2O shows a sharp break in the magnetic anisotropy and susceptibility 
curves in the liquid oxygen range at 265° K (Majsumdar and Datta, 1964). The 
crystals which are uniaxial above the transition temperature, start showing 
orthorhombic symmetry below that teinjierature. The transition is reversible 
with temperature except for a small thermal hysteresis loop formed in the region 
of 260®K— 260®K. Repeated rapid cooling and heating in this region produces 
shattering and opacity of the crystal. The absorption spectra of this salt ob- 
served here (Mazumdar ei al 1964) shows the incidence of two new peaks at 20600 


Main transition 
Subsidiary transtitions 
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cm“^ and 22200 cm ‘ ticlovi transition temperature in addition to the normal 
peaks at 2J000cjii ^ and lOcSOOeni'^ X-ray findings by one of our colleagues 
(Ray, 1964) are very interesting and show tht> simultaneous existence of a new 
pseudo-trigonal | hase below 250''K, along with the original trigonal phase, retain- 
ing the original trigonal axis as e.ommon axis of both these phses. All these 
appear to indi -ate a change in phase of the crystal accompaniefl by possible change 
of symmetry of the crystal field. These detailed results are being published 
wparatcly (dswhere. It will be found that //-values c.alculated from susc^eptibility 
at 3(M)®K of the undiluted salt is close to those of the main phase of the diluted 
at 2(r'K, whereas at 20^K the values for the undiluted salt is close to those of the 
first two subsidiary plias(\s of the diluted salt. Of course, the calculation for the 
undiluted salt from susci'ptibhity (tan give only the* average value of coexisting 
phases if any. More investigations on thes(^ salts arc necessary to clarify the 
apparent shniJarity in transition behaviours in thenn. 

(h) Mean suscepHhility and aniHotropy values : 

Since a change in phase of the undiluted crystal occurs below 255‘^K and 
wo lack aH yot detailed structural data for the new coexisting phase apparently 
iiaving orthorhojubic magnetic symmetry, it would be diiBcult to give exact 
theoretical calculation of the held parameters to fit exactly the experimental 
observations. However, since the development of orthorhombicity is only about 
r>% of the original anisotropy and the original trigonal axis is still the main ani- 
sotropy axis (»f both the phases (Ray- 1964), we may limit onr dienssions to an 
approximation whieh eonsiders the mixed phase as a single crystal with trigonal 
symmetry. In other words, we may neglect the small orthorhombicity normal to 
the original trigonal axis developt'd below 25.5°^. The break in the susceptibility 
curve would then correspond to a large sudden change in the trigonal field sepa- 
ration A. with the reservation inherent in the present approximation. However, 
in treating one of the coauthor's (Jackson) value of ausceptihilitiOs (measured 
at Bristol) taken at wide gaps of temp<iratnrea we cannot pay attention even 
to this fireak in the curve and for the present have to average out the Variation 
through the temperature of transition. Fitting the theoretical parttmeters 
A. afii, a'fxaud o£i-||. by exhaustive trial and error with the mean suscepti- 
bility and anisotropy as usual, consistently with the optical absorption levels 
(Maaumdar «t al. 1964) w e had to increase the trigonal field coefficient A from a 
value of 8.30 cm-' at l.67=K to 952 cm-' at 9()»K and then decrease it to 660 cm-» 
at 290'’K: the values for the other parameters which are considered as tempera- 
ture independent to a first approximation ar.' as given in the Table I. a’a f’s 
and k's cannot l>e independently calculated owing to the product forms in which 
they appear in the equations. 

Inspite of the approximations involved the major fact about the anisotropic 
reduction of spin-orbit coupling due to 3d-oharge overlap with s- andp-ligand 
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charge cloudB, and the general variation in A with toinpt^Tature duo to lattice 
expansion and relaxation effects are prominently bjrought out in Co^*^ fluosilicate. 
Without more structural data it is not possible toWy whether the tendencjy for 
a maximum value of A in the region of 90°K for|bhe salt, is connected entirely 
with the phase transition or not, though this is \^ry likely as indicated by the 
detailed anisotropy data in the licpiid oxygen raAge taken by some of our co- 
'\>x>rkers to t>e published elsewhere. ^ 


TABLE I 

Temperature variation of effective mean moni€|^v ) and anisotropy 

(Pu^ Vl ') of CoSiFe, 6 i4o 


Temp®fc 

Acm-i 

-pJi- 

— 

; p'^ 

gf- values 

290.4 

525 

10.06 

(10.05) 

25.06 f 

(25 10) J 

.7i. -5.98 
(5.80) 
r/i -3.37 
(3.44) 

90.1 

950 

31.38 

(31 .34) 

22.16 

(22.19) 

.gi ^6.90 
(5.80) 
(6.6) 

20.4 

880 

33.81 
(33 92) 

17.62 

(17.53) 

1 

-2.42 

(3.44) 

4.2 

840 

30.19 

(30.25) 

15.06 

(15.06) ' 

(2.62) 

1 67 

830 

29.60 

(29.67) 

14.60 

(14.54) 



F|i = aCii - I70cm“i On - a«ii — 1.21 

P± — -194cm-» Q± - aVi —1.39 

Values in parentheses are the experimental values. Those for g*« 
within parantheses are for the diluted salt (Bleaney p/ aU 1951). 
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ON THE DERIVATION OF THE pOUPLED WAVE 
EQUATIONS IN THE MA0NET(|-IONIC THEORY 

S. K. BANERJEEl 

UiaVBRSITY COLLBGB OP SOIENO^ CALCUTTA. 

(Received November 4, 198§) 

ABSTRACT. It has been shown that there exists ambiguity of sign in the coupled 
wave equations as deduced by Saha, Banerjea and Guha (|951). It has also been shown that 
the same ambiguity of sign appears when the coupled w|ive equations as given by Budden 
(1952) are expressed in the form given by Saha et al, i' 


INTRODUCTION 

It has been shown in our previous paper (1964) that the coupled wave equa- 
tions are given by : 


(for the X-mode) ... (1) 

(for the O-modo) ... (2) 

$ 2^2 (for X-mode) ... (1.1) 

(for the O-mode) ... (2.1) 

where, 

Vi = EgCoa^i+jEy sin^^i = (for the X-mode) ... (3) 

Vl+Z’i* 

Wi - -E^ sin cos ' (for the O-nfode) ... (4) 

Fj = cos sin (for the 0-mode) ... (4.1) 

Vl+Pa® 

. . _ 

W, sin cos (for the Z-mode) ... (3.1) 

VifA 

17 ! ■ i 
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jjf*^ = 1 — COB* ^ 1+^2 sin* ^i—2L sin cos 

P +Pi“* 

g„* == 1 - -gf-Z = Ki cos* ^ 2+^2 8“ V 2 — sin ^5, cos 

P +/>2“* 

r * . 

g 2 = 1 — ^ = Ki sin* ^i+2L sin cos 

P +Pi<*>g 

g*^ = 1 — — = Ki sin* ^ 2 +-^a ^^ 2 + 2 -^' sin ^2 cos ^2 

P +Pi<^z 


p^ = tan = 6?— -y/l+G^* 


P2 tan ^2 ~ 6 ?* 4 " \/l ”1"^^ 


l+p*2’ , 1+P*2 ' A * 


O = -^1 -^2 _ 

2L ' 2<^,(r-p') 


jr. = i-r£^ 

I> - —P^‘, C'=W‘-<i>)-r(;J'>-V) 

<0, = co 8 in 0 . «, = 0 008^, (^ = PbIp, pg = eUjmc 



... ( 6 ) 

.... (7) 


/?* = 1-j 1., r = &* = 

J) j)* »»i>* 

F- 

; • • “ss’ • ^ • 


AMBIGUITY OF SION IN THE COUPiED WAVE 

V « • • 'X I 

EQUATIONS OF SAHA et al. 
lJ“ng (6), (4), (4.1), and (6 ), (3), (3.1) we have ; 


Vi^±W, -1 

»^x = ±F, J 


• ( 8 ) 
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From eqn. (8) we can maJke the following combinations ; 


... ( 8 . 1 ) 


... ( 8 . 2 ) 

... (8.3) 


... (8.4) 

It can be easily shown from (6) that 

<*2—^1 = ” ••• (9) 

» = 0. ±1, ±2, ±3... 
ra = 0 

... (9.1) 

Using (9.1) and (6) it can be shown that the electron number density JV must 
be zero. Similarly for n — ±2, ±4, ±6... using (6) and (9) ato get N = 0. We 
can therefore exclude the cases » = 0, ±2, ±4... . However for » = ±1, ±3,... 
eqns (5) are satisfied by (9). It can be shown using (3), (3.1), (4), (4.1) and (9) 
that we can take the combination (8.1) only when the following two equations 
hold good aimuUaneotialy : 

where n = 1,5, 9, —3, —7, —II, ... 

-A 

== « 5 where « = —1, —6, —9, ...» 3, 7, 11, ... 

A 

which is absurd. Hence we reject combination (8.1). Similarly combination 
(8.2) must be rejected. For « =— 1, — 6, — 9 ... +3, +7, +11 ... using (3), 
(3.1), (4), (4.1) and (9) we get the combination (8.3). Similarly for n = —3, —7, 
—11 ..., +1, +6 +9... we get the combinaticm (8.4). Hence using (8.3) eqns. 
(1), (1,1), (2) and (2.1) can be combined into : 

’ ■ t 

yi+{U*-<hyi =-2^ (for the X-mode) ... (1.2) 

F*+(go*— (^*)F, = 2^1^f+^Fi (foif 0-mode) (2.2) 


where 

For 
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and using (8.4), cqns. (1), (1.1), (2) and (2.1) can be combined into : 

(for the mode) (1.3) 

d 

F 2 +(< 7 o*-«^*)^ 2 = -2«i (fortheO-mode) ... (2.3) 

I 

Comparing (1.2) and (2.2) with (1.3) and (2.3), we find ihat there is an ambiguity 
of signs in those coupled wave-equations, 

STATEMENT OF THE COHPLED WAVE-EQUATIONS 
AS GIVEN BY BUDDEN 

, In Budden’s treatment (1962) E^, E^ and JSJj were the components of the elec- 
tric vector E of the wave, where Ei was horizontal and perpendicular to the earth’s 
magnetic field, E^ was parallel to the horizontal component of the earth’s magnetic 
field and E^ was directed vertically upwards and the following notations were used : 


TTq Ey^‘\/l .Bj® 

^ — — i- 


Bn 


_ dBj 

-I dh 







2Ydl-X-jZ) 


±i ^/i+ 


V * 

J rj, 


47£*(l-X-jZ)» 


Jlf* = 1 


X 


( 11 ) 



j _ inNe^ 
e^mp^ 

7 = Palp 

z = '^Ip 

m 


( 12 ) 


• * • 


(13) 
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== Vertical component of Y. 

Ty = horizontal component of Y. 

N == electron number density. 

V = electronic collisional frequen^. 
e, m = charge and mass of an elect|on 
H = strength of the earth’s ma|ptietio field. 

J^o ~ electric and magnetic permittivities of free i^ace. With these notations, 
it was shown by Budden that the coupled wave-eqj^ations would be given by : 


d^TT, 

dh^ 




r 




(14) 


(15) 


INCORRECT ASSOCIATION OP THE EXPRESSIONS 
FOR R AND ilf2 WITH THE 0- AND X-M O D E S 

We shall consider the following equations of motion of an electron of charge 
e as given by Budden : 




(16) 


As the axes of the co-ordinate system in Budden’s treatment are not clearly de- 
fined we shall compare eqn. (16) with the following equations which are derived 
with reference to the co-ordinate system as shown in Fig. 1. 


= -(l-jZ)P„+j.Yj^P, 

(17) 

The comparison shows that il\ is along ox, and is along Qy of 'Fig. 1. Hence 
eqn. (12) can be written as : 


S 


■ ^ 
E~ 


Using eqns. (12.1) and (11) we get for the 0-mode : 

r 

I Vo Yj, J_| 




{1-X 




YK 4- 

* ^(l-Z-j2)» 




( 12 . 1 ) 
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z 



X 

Fig. 1. Coordinate System (present paper) 

OZ— > direction of wave propagation 
OH— > direction of tho Earth’s magnetic field in the plane yz 


This equation shows that the expression for tho wave-polarization which Budden 
associated W'ith the 0-mode is actually that for the X-inode in tho ray treatment 
(Ratcliffe, 1962). Again using (11) we get for tho 0-mode : 






2(\-X-3Z) 


-V 




Y*n 


4(1 


This equation shows that tho expression for tho square of the complex refractive 
index which Budden associated with the 0-ni(xie agrees with that for tho X-mode 
in the ray treatment (Ratcliffe, 1062). Thus we find that wliat Budden (1952) 
called the 0-mode in his wave-treatment is actually tho ir-mode in the g^amo treat- 
ment and is identified with that for the .X-mode in the ray- treatment. Hence 
eqn. (11) should bo written as follow^s : 


^ = 1 - i-jZ-jYi,IB 


( 11 . 1 ) 


The question now naturally arises about the correct labelling of the coupled wave- 
equations (14) and (15). We have given below the reasons that eqns. (14) and 
;(16) were correctly labelled. 

Budden (1962) deduced the coupled wave-equations from the following 



where 
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^2 = ^ 20+^1 

P ^ ^20 p «_ ^ZX 
^0 — > -^x — jp— 

^10 ^ix 


2X 




■^2 — ^o[-^0^-^20“H-^X^^2Lr 


It is to be noted that the expressions on the right hand side of Eqn. (11) did 7iot 
enter in the method of derivation of the coupled wavi-equations given in (14) 
and (15) by Budden (1952). Hence those equations ( 11 ) and' (15) were correctly 
labelled. However whenever the values of jRo, Rx^ M'x^ are to be substi- 

tuted in eqns. (14) and (15) or in solutions of these cquaWns, the equations (11.1) 
mtist be used. 


BUDBEN’S COUPLED WAVE-EQUATIONS EXPRESSED 
IN THE FORM GIVEN BY SAHA etal 

We start from the equation given in our previous paper (1964) : 

Dy = q^Ey = KJEyArihEg^ ... (18) 

Using (18) and (5), it can be easily shown that for the 0-mode : 



Similarly it can be shown for the X-mode. 



Equations (19) and (19.1) are referred to the co-ordinate system of Fig. 2. 

Z 



Fig. 2. Co-ordmate System (Saha ti al) 

OZ -¥ direction of wave propagation 
OH— > direction of the Earth^s magnetic field in the plane isi 
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Comparing the co-ordinate systems of Pigs. 1 and 2 and using the equations 
(3), (4.1), (0), (7), (10), (11.1), (12), (12.1), (19) and (19.1) we have 


fjK = 


... ( 20 ) 


From oqn. (20) we can make the following combinations : 

/ \ 

* ' 

.-x—jy.. 

\ = -jV, ! 

/ ^x ^ 

’ ^0 = ' 

/ ^x = -jVi V 

' ^0 - }\\ ' 


( 20 . 1 ) 

( 20 . 2 ) 

(20.3) 

(20.4) 


It can be easily shown using either (20.1) or (20.2) and =rz (j)^ that 

the equations (14) and (15) can be transformed into (2.3) and (1.3) respectively. 
Similarly using either (20.3) or (20.4), the c(|uaiions (14) and (15) can be trans- 
formed into (2.2) and (1.2) respectively. 

We have shown elsewhere (1964) that the wave-equations of Saha et al, were 
incorrectly labelled i.e., the wave-equation which they associated with the 0-mode 
should actually be that for the X-mode and vice-versa. Moreover we have shown 
in the present paper that the wave-equations were correctly labelled by Buddon 
(1952). But according to Kelso (1953) the coupled wave-equations, as deduced 
by Saha et al (1951) are identical with those given by Budden (1952). The dis- 
crepancy is due to the fact that Kelso (1953) incorrectly associated the wave 
function tTq used by Budden for the 0-mode with the wave function V which Saha 
et al, used for the 0-mode where V (which is the same as in the present 
paper) is aciuaUy the wave function for the X-mode. 
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VARIATIONAL PRINCIPLES FOR COMPRESSIBLE 
VISCOUS FLUID IN MAGNETOHVDRODYNAMICS 

•k 

N, K. SHARMA* and S. R. ^ARMA 

Department op Physics, University ofJ Rajasthan, Jaipur ' 
{Rf^ceived December 2, 1963; Resuhniitted A^uat 25, 1964) 

ABSTRACT. Variational priiwM‘ples with proper LfArangian densities for the case 
of a magnotohydrodynamic viscous eompi*essihle fluid havef, btHiu used to derive momentum 
equations and the equations governing the magnetie field.'' As an illustration the case of a 
perfectly conducting plasma continuum has been treated. ' 


INTRODUCTION 

Recently several papers (Herivel 1954, Katz 1961, Su 1961) liave treated the 
variational principles for non -dissipative plasmas. Rosen (1958) has used a varia- 
tional method for such a dissipative system using Onsagar's (1931) dissipation 
function (j). In this communication we have used a very straight forward and 
simple variational approach for deriving the momentum equations and the equa- 
tions governing the magnetic field for a dissipative magnetohydrodynamic com- 
pressible fluid. 

The actual formulation has been divided into two parts. In the first part 
wo derive the momentum equations for tlu* motion of the fluid, and the equations 
governing the magnetic field have been taken . as admissibility conditions. In 
the second part the later liavo been derived treating th(^ former as admissibility 
conditions. The method used in this formulation is due to Bateman (l93l). 

As an illustration we have considered the case of a perfectly conducting 
plasma continuum, our formulation gives exactly tlu^ equations for this continuum, 
which is really very straight forward and simple as compared to the recent deri- 
vation given by Lundgren (1963). 


VARIATIONAL PRINCIPLE— I 

The appropriate equations for the problem under consideration are (Chandra- 
sekhar 1961) 


pDUi =: Xi — 


dxi dxj 



dui duj 
dXj dxi 




dXi 



( 1 ) 


^Present address :-^Tata Institute of Fundamental Besearoh, Bombay 6, India. 
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with 




The equation of motion governing the magnetic field is 


The equation of continuity is 




and the magnetic field satisfies the divergence condition, 

=0 

axi 


... ( 2 ) 


... ( 3 ) 

... (4) 

... (5) 


The symbols in the above equations have the following meanings : 

p, denotes the density of the fluid and is a function of space coordinates 
i.e.p == p{x, y, z) 

Uif denotes the ^-th component of the velocity vector. 

Xi, denotes the i-th component of the external forces of non-magnetic origin. 

p, is the viscosity of the fluid assumed to be a function of space coordinates 
i.e. // = /i(x, y, 2 ). 

p, denotes the fluid pressure. 

Hi is the i-th component of magnetic intensity. 

1 /, denotes the resistivity, assumed constant. 

o, is a function involving p and H as defined in eq (2) and D is the total 
derivative. 

It may be pointed out that throughout the formulations the method of 
Cartesian tensors has been used. In this section the appropriate Euler-Lagrangian 
density yield equations (1) and equation (3) has been taken as admissibility condi- 
tion. The boundary conditions are the usual ones, namely, the fluid under consi- 
deration is supposed to occupy a finite region of space whose boundary is 
formed partly of the surfaces with motions and partly of free surfaces. The time 
interval of the motion of the fluid is considered from t ^ t ^ ti, and the region 
occupied by the fluid at these instants is and Ri respectively with the 
corresponding boundaries as 8^ and 8^ respectively, Dx^ are continuous and 
&Xi is zero at t and t = 
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For simplicity we define the following symbols : 


1 

%= 2 

( dUi ,dj^\ 

\ dxj dxi / 

... (6) 

. 1 
h - 2 

+ \ 

\ dXj dxi 1 J 

... (7) 


+ 1 
\ dXj dxi / } 

1 

... (8) 

and 

1 

ui = Dxi ;• 

... (9) 

We have taken Ui = Sxi, 

therefore DUi = Dixi — 8Dxi — 8ui 

... (10) 

Wo define the Ligrangian density L as follows s 


ti 

h 


8 i Ldt^8 1 (A+B+C)dt == 0. 

... (11) 

to 

to 



Where A, B and C have been defined as the volume integrals as follows. 


M = J UiDp dXidT-\- J pUidUidr 

R R 


= f UiDpSxidrA- fpUiDSxidr 

R R 

= J UiD{pSxi)dr ... (12) 

R 

Here dr denotes the volume element dxdydz of the fluid under consideration. 
Therefore, 

J SAdt = J dt I UiD(pSxi)dT 

h h 

= / dT[U{p8xi] — J dt J DUipSx^r 

^ to to ^ 

h 

== — J dt J pDUiSx^T ... (13) 

to « 

Next, 


dUi 


dVi 




dr 
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R R 


2 

■5 f IMkt,{SXi),^T 

A R 


SB-— I [{imij8xi),i-(naij),jSxi^T 

R 


R 


- f [(ffiffjSxi),-(ffiffj),jSxi] dr 
R 


+ 1 f [(/Mtk^^i),{-(mibhM¥^ 

O R 


(14) 


The application of Gaup^’ theorem and a little simplification yields 


SB=—2f /iaijlySxid8-j-2 f — (/laiMxidr 
s R dXd 


- I HiU^jSxids^ I (HtHj)SxidT 
S R (fXj 

+ ^ J I / (/Mi.i)SXidT ... (15) 

.1 8 o n oxi 

Lastly we define 

Sc = i (Xi- f- ) Sxfdr-h J XJxids ... (]6) 

R \ OXi / s 

Where are the components of surfaces traction. Therefore, the variational 
principle is 

t t 

S j' (A+B+C)dt = dts dr\ Xi.- f- - pDui 

to <0 ^ 

+ J ^ X^—HiHjlj—2/iai^j+ ^l>0'kik j =* 0. (17) 
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This on further simplification gives 


+ /' dt ] 


efo = 0 


(18) 


Since the variations Sxi are arbitrary on S and also |t each point interior to i?, 
the above relations can bo satisfied if * 


pDut^Xi--. + ^ 




2 d / dut.\ , „ OHi 

3 dxi ( dxj • 


under the natural boundary conditions 


2 

X^i—IliHjlj—2fiaijlj-\- - /lOuh = 0 


... (19) 


( 20 ) 


Equation (16) are the hydromagnetic equations of motion (eq. 1) for the viscous, 
compressible fluid under natural boundary conditions specified by eq. (17). 


VARIATIONAL PHINCIPL E— II 

In this section we have taken equations of motion of the fluid as the admissi- 
bility conditions and the equation governing the motion of the magnetic field has 
been derived. 

The appropriate Lagrangian for this problem is 

U h 

S J Ldt=:^S i (G+M+N)dt = 0 ... (21) 

^0 ^0 

Where the quantities O, M and N arc defined as follows : 

The variation in is given by 


(JG « I HiSuidr = ^ HiD(dxi)dr 


... ( 22 ) 



30 


N. K. Sharma and S. R. Sharma 


Therefore, 



Next the variation in M is defined by 

SM = f X„iSxids I ; SXidT 

's R dXj 

and therefore 

J SMdt.= dt J X„iSxid8-]- / Sxfdr ... (24) 

<0 <0 * <0 

Lastly we define 

(5N = -2 J riCijbijdr- / (UiH—ujHi)-^^ dr ... (25) 

H R OX J 

Proceeding as for eq. (14) and simplifying we have 

(5N = -7/ I bij\(Sxi),j+(^xj),i]dT- J (UiHj-UjHi)(8xi),jdT 
= -2^ I bij(dxi),jdr- I {UiHj-UjHi){Sxi),jdT 

= — J (2ribijlj+UiHjlj—u^Hilj)dxids 

+2^ I (6«)Mr4- J {niHj-UjHi)8xtdT ... (26) 

Combining equations (26), (24) and (23) we have 

(■“ i { ^ + If ) + 4 

- J * ; 0 ... (27) 

to « 
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But since the variations 8xi are arbitrary on 8 and also at each point interior to 
R, equation (27) can be satisfied if 

and \ 

2i}bijlj+UiHjlj-UjHilj-X„i=^0 i ... (29) 

"1 

Equation (28) is the equation (3) governing motion the magnetic field under 
the natural boundary- conditions specified by equatio!| (29). 

CASE OF A PERFECTLY C O N D U Cf T I N G PLASMA 

CONTINUUM ? 

As an illustration we consider the case of a perfectly conducting inviscid 
plasma continuum with density p and pressure p obviously in this case p = 0, 
^ = 0 and Xi = 0. 

Using equation (11) we have 

8 I Ldt^ 8 1 (A^\-B-]-C)dt - 0. ... (30) 

where equation (13) gives 

8A — — j pl)Ui8xidT ... (31) 

Equation (15) gives 

<S« = - / HiHjljUxih-] / ... (32) 

^ /i (/Xj 

and equation (16) gives 


ao = J XJx,4s - 1 ( yxidr ... (33) 

where X^i are the components of surface traction. On substituting in (30) wo have 

ti ti 

8 i Ldt = 8 i (A+B+C)dt 

h ^0 

”t" / (^ai — HiHjlj)8xid8 = 0 
s 


... ( 34 ) 
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Since the variations Sxi on S and also at each point interior to B are arbitrary, 
therefore equation (34) can bo satisfied if 

under the boundary conditions 

... (36) 

Bquation (35) on further siinplication gives 

P^-~VP+JXH ... (37) 


WJiero J ^ 


1 

in 


y X // Equation (37) is the clesirc^d equation for tlic Perfectly 


Conducting Plasma Continuum. 
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AN AUTOMATIC RECORDING jB-H METER 

A. K. MUKERJEE AND (Date) N. G. lUTRADHAR* 

Dbpartmknt op Magnetism^ 

Indian Association for The ('uLTiifATioN 
OF Science, Calcutta-32. > 

{Received November 11, 1964)! 

ABSTRACT. An automatic nuiording B -H mctor ojjfcratiug, ou 229 V, TtO c.p.s. lias 
been constmct(3(l. The hysteresis loop is obsorv^oil on the scro^ of a C.K.O. from whi(*h infor- 
mations regarding its magnetic properties e.g. coortMve forc<l, magnetic iiuluotion etc. can 
bo obtained. 

I 

The present paper describes the construction anti working of the B H meter, also some 
test measurements on carbon .stool, high speed steel and magnetitt^ ar(3 given. 

1 N T K O D U C T ION 

In connection with the choice of proper indigenoous materials for the cons- 
truction of cores ol olectrojiiagnets and devolopmont of varibus inagnotio ins- 
truments and apparatus in this country, a detailed knowledge of the usual ferro- 
magnetic properties of these materials is essential. Hence a programme for the 
development of techniques for quick and quantitative measurement of B H curves 
at different temperatures was undertaken hy the authors. Various methods for 
the purpose have been adopted hy Crittenden et(d Howling (1956) and 

others. But the halanciug arul calibrating systems of their metluKls are very 
complicated and the results obtained are not always free from uncertainties. 

We have therefore constructed an automatic hysteresis loop tracer where- 
in the balancing and calibrating systems have been made much simpler and with 
which we coiild obtain quick and accurate infomation regarding saturation 
magnetisation, coercive field, hysteresis loss, residual induction and saturating field 
at different temperatures of any ferromagnetic material in convenient size and 


Demand for the construction of such an instrument also came from the workers 
of this laboratory studying ferromagnetism of naturally occuring single crystals 
to enable them to obtain preliminary inforraatione on curie temperature, satura- 
tion induction etc. The present paper describes such a B— H meter working at 
60 c.p.s. with provisions for observations at different temperatures in the range 

of 90“K to 1000“K. 

♦Co-author N. G. Sutradhar died after the work for tho paper was completed. 
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WORKING PRINCIPLE OF THE INSTRUMENT 

If an a.c. voltage is applied to the primary of n turns of a mutual inductance 
Hystem with a inagnetkj core in which magnetisation I is produc^ed, then a voltage 
V is prodiujod in the secondary of N turns, given by 

V — NA ^ co^Q cos oii-\~47T~ j X volts ... (1) 

whore A is area of the core and is the peak field produced inside the primary 
and the rest of tlie syinbf)Is have their usual sigriificaniies. 

If the voltage in tlie sojondary before the introduction of the (^orc, given 
by the first term in (1 ), is eliminated by balancing, say, by putting another secondary 

connected in opposition then the additional voltage NA 477— xlO ® develops 

dt 

in the secondary on introfluction of the core. This voltage after proper integra- 
tion will evidently furnish us with a value directly proportional to the magneti- 
sation of the material of the core. If this voltage after integration and a voltage 
proportional to the magnetising field are simultaneously fed with proper phase- 
relationship to the y- and a:- plates respectively of a C.R.O., a trace of hysteresis 
loop will be obtained. 

DESCRIPTIONS OF THE INSTRUMENT 
The instrument essentially consists of : 

a) Two primary magnetising coils (m.c.) 

b) Two secondary coils (s.c. and b.c.) 

c) Amplifying and integrating units 

d) The cathode ray oscilloscope. 

a) Primary magnetising coils 

The alternating magnetic field is produced by the two primary magnetising 
coils (m.c.), wound on brass spools, each having about 1150 turns of 22 S.W.G. 
super enamelled copper wire. Average diameter of each coil is 8.2 cms. and 
length is about 3.2 cms. The two coils are placed coaxially at a distance of 3.5 
cms. from each other. The two coils arc connected in series and fed by current 
from 220 volts, 50 o.p.s, power mains. A drop of voltage accross a resistance 
(A) placed in this circuit is fed to the horizontal plates of the C.R.O. 

b) Secondary coils 

Each of the secondary coils consists of 1700 turns of 36 S.W.G. super enamelled 
copper wire wound on brass spools of 2.5 cms. in length and an average diameter 
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of about 6.5 cms. One of these (s.c.) is placed coaxially with the primaries and 
in the gap between the two primary coils and the othw (b.c.) similarly at one end 




TO V 'C « 0 


Fig. J. A Hchomatic diagram of the tiysteresi* loop tra ’rjr. 


of the magnetising coils. These two secondary coils are connected in opposition 
HO that when there is no ferromagnetic sample inside the coil (s.c.) the output 
voltage is zero. The output side of the two secondaries in opposition being 
connected, through an amplifier and an integrator, to the y-platcs of the C.R.O., 
there should only be a horizontal trace on C.R.O. even with the full gain of the 
amplifier so long as the voltage of the two secondary coils are completely balanced. 

When the sample is introduced inside the secondary coil (s.c.) in between the 
two primaries, the vertical deflection that is now observed in the C.R.O is only 
due to the sample and is obviously proportional to its magnetisation I, The 
two, the vertical and the horizontal deflections, combine to trace the hysteresis 
loop. 

An auxiliary coil (a.c.) of 50 turns is wound over the secondary coil (s.c.) 
for calibration of the ^/-axis. The method of calibration etc. are described in a 
subsequent section. 

c) The Amplifier and the Integrator 

The output voltage of the secondary being usually very small and after time 
integration only a small part of this being available it becomes necessary to amplify 
it suitably. Required amplification is obtained by using a high gain tube. It is 
so selected as to have a high plate resistance (r^). For integration, the plate load 
is shunted by a capacitance, so that at the working frequency (50 c.p.s.) the plate 
load is almost capacitative the time constant being almost one second. 

In GUI case a single stage amplifier using a 6 SJ 7 vacuum tube operating at 
90 volts from batterjr has been utilised. However successive stages may be 
added whenever, higher gains are desired, ' 
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Fig. 2. Tho aTirij)lirior tho intogniting ('irfiiit. 

The (lispoKition of the different parts of the apparatus, (^an bc^ best followed 
from th(‘ block diagrams 1 and 2. 

0 A L J H li A T I 0 N 

In order to obtain quantitative information regarding the various ferro- 
magneti(i constants from the trace of the loop on C.R.O., calibration of its y 
and X axes which as already indicated are proportional to I and //, is essential. 

Magnetic field Calibration {x^Calibration), 

If i' amps, r.m.s. current flows through the two magnetising coils, and the 
magnetic; field produ(;(Hl in the gap betwcv^n the two coils is //'. tlmn 

H' — sin co/ 

being the peak value of the a.c. magnetic field. The corresponding 
voltage V induced in the secondary coil (s.c.) of area of cross section A sq. cm. 
will be 

xIO-«v()lts 


— cos (M x 10"*^ volts 

and the averages value of V is given by 





XlO^® volts 


... (2) 


Knowing this voltage V, can be determined and (JETo'/t') peak field per 
ampere r.m.s is also correspondingly known. 
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Thus for any current i amperes r.m.s the peak value of the magnetic 
field is given by 



The resistive voltage drop due to various curron^ a;;rv){‘S a fixed resistance 
R, placed in the magnetising edrouit, when feci to the .r^latcvi of C.R.O. produces 
proportional horizontal traces. The magnetic field |corrv'ip'»ncli ugly produced 
will therefore be proportional to these x deflections. | 

Therefore magnetic field Hq corresponding to de|ie^tioii x will be Hq = kx 
where k is the constant of proportionality, which can tfe obtained from a separate 
experiment as suggested by the relations (2) and (3). From an actual experiment 

we have found fc = 50 ocrsted/cm. i 

/ 

Calibration for Miigneiisaiion (y -Calibration) 

A sample of c;ross section a sq. cm. when placed in the magnetite field in between 
the two magnetising coils will, as stated earlier, induce a voltage v in the secon- 
dary, given by 

V = 4naN -- x volts 
dt 

Let this voltage give a vertical deflection y on C.R.O. after necessary amplification 
and integration so that 

4naNI X 10“® xC — y • • • (^) 

where C is a constant. 

Now a small voltage due to induction in the auxiliary coil (a.c.), having a small 
number of turns n, due to the same magnetising a.c. field is fed to the amplifier 
and the integrator and from there to the y plates of C.R.O. and a trace y* is obtained 
(without any sample inside) on C.R.O. then, 

na/i'oXlO-8x(7 = y' ... (5) 

where a is the area of cross sec tion of the auxiliary coil. Then from (4) and (5) 
wo have 

l^yi ) . 

^ I I 

For a field of 254 oersted, whi di has generally boon used for ;alihrati ):i a.il the 
corresponding deflection 1.5 cm., the above expession reduces t.j 

/ 4 . 651 !. , 

a 

It. may be mentioned in this connection that in order to^study the tempera- 
ture variation of the ferromagnetic properties of different materials, ^the lower 
portion of a narrow tailed dewar incorporating a low temperature cryostat or 
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a tubular electric heater witli a water jacket around it can easily be introduced 
inaide tlu' prianary of the system. 



Fig* 3. Hysteresis loop of carbon stef'l, 



Fig. 4« Hystecasis loop of. high speed 
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Fig. 5. Hysteresis loop of magnetite. 

SOME TEST O B S E R V A T I O N 8 

Some observations liave boon recorded for test purposes with carbon stool 
and high speed stend, both of which were supplied from our workshop. Obser- 
vation have also been recorded with single crystals of magnetite. The C.R.O. 
traces are shown in figure 3, 4 and 5 and the values in the adjoining tabIes(J and 
II). It is to be noted here that the maximum field available (400 gauss) in the 
present instniment though sufficient to saturate the various grades of ferrous 
materials is not enough to do so in case of ferromagnetic minerals as in case of 
magnetite. However, in case of magnetite the value of magnetisation for any 
particular field as obtained fom the C.R.O. trace is the same as obtained from 
measurements with a sensitive magnetic balance for the corresponding field. 
We are now engaged in modifying the instrument so that higher fields may be 
obtained sufficient to saturate almost all ferromagnetic crystals. 

TABLE I 


Carbon Steel High speed Steel 



Present 

observer 

Reported 

(Bozorth, 

1951) 

Present 

observer 

Reported 

(Bozorth, 

1951) 

Saturation Magnetisation (in e.g.s units) 

800 

not available 


not available 

Residual Magnetism (gauss) 

650 

830 

480 

860 

Coercive force (in gauss) 

110 

50 

90 

70 

Hysteresis loss, ergs/cycle 

45,000 

not available 

30,000 

not available 
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Tliough the observations agree in order yet they differ from absolute values. 
This is due to small variation in composition and difference in history. 


TABLE II 
Magnetite 


Magnetisation from 
Field Magnetisation from measurements with 

C.R.O. trace magnetic balance done 
in this laboratory 


400 oersted ISOc.g.s. 146 e.g.s. 


A C K N 0 W L E D (4 M K N T 

The authors wish to express their best thanks to Prof. A. Bose who suggested 
the necessity of constructing such an instrument and to Shri A. K. Dutta for help 
and guidance throughout the course of the work. 
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THE SIGNIFICANCE OF THE MINIMUM DOPPLER 
DISPLACEMENT IN CANAlIrAYS 

B. V. SITAKUMAHl | 

Fatna Women’s Collboe, Patn| 

{Receiv&d- October 21, 19(53) | 

ABSTRACT, Mtnisiircinonts (jF tlw' gup of zoro iiiUui«4y which t'xists botwoon (hn 
undinplactMl line of H/i and ll^ and the Doppler band inlpiirc hydrogen are presented 
when ( he current in discharge tube is kept constant. 1 'he gap %idth lises as (,h(‘ accelerating 
vultag (3 is increased. The width shows twt) small maxima at 3|kV and (5 k\’ which an^ inter- 
f)rt‘ted as doe to relatively larg{‘ numbers of 114 ^ and H 3 + 10 ns roMp(M*tively. 'Fhest^ findings 
are in acconl with earlier measim^iiKints of (he intensity maxima obst^rvc^d in tlu^ Doppku* 
band. Tht 3 gap width maxima for IT// and do not he at the samt^ acc(d<M*ating voltagt‘ 
luH'.ause an increasi^ in th(‘ voltage is thought to be associat<»d with a decrease in (hti width 
of th<^ ion energy distribution. Thus with increasing voltagi*. the gap width should increase 
more than linearly as lias in fact be<ai observed. 

I N T H O D U T I 0 N 

Wlien a potential differenee ilcV is ap]>Jio(l between the tw^o (dfudrodos 
of a (^anal ray tube, and tlu^ discharge tube, is filled with hydrogen at pressures 
of 10 “2 to 10”^ nun of Hg with a (;athocle liaving a hole at its (‘.e.ntre, a beam of 
positively (diarged and of iKUitral partich'S jjassess througli tlie hole and finally 
enters a gas filled and field free spaet* beliinfl th(‘ cathode. The inaxiiiiuni kinetit*, 
(mcrgy of the positive ions in the <!anal rays is in geiuu’al soim^wiiat smaller than 
the equivalent voltage ajiplied to the discharge tube. When the light emitted 
from canal rays is analysed by means of a speetrograjih , the Doppler band, i.e. 
light at lowTi* w'avelengtli than tlu^ nndisplat^ed Balnier lines of wavelength A, 

dA. 

is observed. The maximum wavelengtJi of this band is given by ^ = vjc 

cos 0 where 0 is the angle of observation with respe(‘t to the axis of tlu^ canal 
rays. 

The width of the Doppler band (jan be up to 50 A or more, depending upon 
the applied voltage. Fig. 1 show's sfdiematically the light intensity as a function 
of wavelength, the undisplaced line and the Doppler band are separated by a 
region of nearly zero intensity — a gap of width Since those observations 

make use of a photographic plate, ‘zero intensity' (?an be due to lack of measur- 
able blackening or lack of numbers of the light emitting centres. The variation 
of the AA^ax wth the applied voltage lias been extensively studied. However 
the nature of the variation of the dA^i^^ with V and the particles radiating in the 
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ri'gion of lowest wuvoletigtii of the hand have botni iiivoBtigated only in a few 
eaHfs. In particular Sakuntala has stiuliwl the variation of the dAmin 
to Hifcr aiul fcmncl that d^min inc’nuxKi's with V and then approaelu^s a constant 



Fig. 1. Sohomatio diagratn of a typical niiorophoiometric trace of the Dopper band. 

light ini orwity; imdisplacod line (fj5S8A); (!JJ total width of the hand; dx^^ hi 
minimum wave length wliift from the centre of the \indiN))laci‘d lino; A maximum 
wavolon<^th shift; v Ixuitn volocJty of excited atoms; DjD... maximum speeds of 
i^mitting atoms produced hy Tl • , etc. rospetdively. 

value. The rise*- in gap width with voltage was thought to be due to the disappear- 
ance of ' ions. Tn this pajKu* the variation of with V has boon 

studied up to 1() kV in hydrogen fiT //^ and II y lines. 

X V F H I M K N 'r A L 

A St(‘inheil threes prism glass spectrograpli of light gatliering power //3 and 
a tele-objective of focal length / — 250 cm, attached to the Camera, M'cre used. 
The dispersion was II. 92 A per mm for II ^ and 4.3 A p(T nim for With a 

Camera lens of / - 640 mm a dispersion of 16.5A per mm and 9.S A per mm was 
obtained for and Hy rcspt»c;tively. i-ligh purity of hydrrg(*n was maintained 
by Wiens' method of capillary streaming and continuous pumping. The speed 
of flow of Jiydrogcn was such that no appreciable pressure differencies developed 
between the canal ray tube and the field free space behind the cathode. In tliis 
arrangejiu^nt p. the gas pressure, could not be varied independently of K, thus 
V and p plotted on the sanu^ abscissa. 

H E S U L T S 

The results are sliown in Fig. 2. It is seen that all the curves d/^rtin ^ f{V) 
have a similar trend. However the» inaximum at 3 kV does not appear as promi- 
nently as in Sakuntala’s work (1953). Here rises with V and shows two 
small maxima at about 3kV and 6k V. It is interesting to note that Krefft 
(1924) observed for that first increased with V but became constant 

between 3k V and 5kV. 
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Fig. 2. Minimum wavoloiigtli siiift AMniti u function of the disf^harge poLontial 

V.i - 2 ma; for each lino t — 1 hour (exposure), alone being taken with toleobjec.tive. 

Tho relative luaxima for H„, and Uy are found here to bo at the different 
values of K. This juay be due to tho deereaso in tho width of tho ion energy 
distribution at higher values of F as a result of which tho Jigbt tliat originates 
from a particular type of ion may decrease more ra])idly at larger A tho larger F. 

I) I 8 v> u s s I o N 

Befon^ discussing the processes whic.h are responsibli^ for the appearance 
and changes in the width of the gap, it is necessary to recall the findings (;oncerning 
tlie origin of the light emission in Canal rays. W. Wicni (1927) and his school made 
an extensive study of the emission processes and discovered charge transfer 
collisions early in 1900. Tt was concluded that the Doppler band arises from 
encounters between ions and gas molecules. The\v also found that the Canal 
ray light cannot be the result of an elastic collision and that it (cannot be caused 
by elo(;tron ion recombination in stages. In spite of the fiiuflamental importance 
this question has not been discussed for a long time. 

Recently Sakuntala and von Jfingel (1960) suggested that the light in canal 
rays is tho result of an inelastic collision. The fast ion in the canal ray hits a 
gas molecule or atom and forms a lived compound molecule which decays into 
several particles one of which is an electronically excited neutral particle which 
emits the light. Thus the collision results in a charge transfer associated with 
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diHrt()(*iati()ii an<l (‘Xi itation. From H])e(ttrograj)hif data they were able to efttimate 
the ord(T of the ia*oHs s(»ction wliich tliey found to })e between and em^. 

Art to th(‘ origin of tli(‘ gap it m elear that its width eorresjxmds to th(‘ smallest 
ohs(^r^^a])l(* velocity of th(‘ radiating atoms, Simio the radiating atoms acquire 
their veloftity from the fast ions, it is to he expec^ted that as the ion speed is increased 
the gap width should rise. iSiiu^e should increase witli V the centre of the 

ion distribution would move to liigher speeds and then^fore the slowest ions too 
would have larger sp(*eds. This should he more so sin:*e the ion distribution 
bcM^omes narrow at larger ion eiu'^rgy. The same argument should hold in the case 
when ions of different mass are present in the beam. Complications may arise, 
if ions of a (uu’tain type* are m(m‘ likely to he produced in tlu^ discharge than others. 

Th(' new m(‘chanism indicated above explains earlier observations of the dis- 
appearam^e of the gap h('tween the undisj)Iaced line anrl the end of the Doppler 
hand. For in the ])r(‘S(‘nce of impurities, such as organic moleeul(‘s (oil), the fast 
ion (^an dissociate a hydrogenic* suhstanci* and the kinetic energy of the ion would 
he sharcMl by a large numbe^r of excitcvl hydrogen atoms of low average speed. 
Owing to the distribution in cmergy and the angular scattering, light emitting 
centres down to zero kinetic energy are no\\' present and the gap disappears. 

The variation of the ga]) width with th<‘ voltage (Fig. 2) is therefore thought 
to he due to the cihargo transfer emission proc'ess, tlu^ change in the energy diptri- 
hution of tlu^ ions present and cOiangc^s in their relative abundances We note 
first that rises with V in Ifp and Hy. This is in ac(?ordance with expec- 
tation as has been stated above*. However two })ointK require amplification. 
Firstly the gaj) ^'^as found to be finite and not zero as V approaches zero; 

this value seems to be higher for than for Up and By, As the Tin line 
was studied with the teleohjeetive aitachment the intensity in its ease was 
much less than that of Hp or Hy. It is suggested that this is caused also 
by the inertia of the pliotographic emulsion. The spe(;tral sensitivity to- 
gether with the threshold of the emulsion (muses an apparently larger gap width 
for rod line than for the blue line, a suggestion which would also explain the small 
difference between Hp and Hy. For the photographic, plate used (Kodak P12()0) 
the relative photograpliie sensitivity for 7/^^, Hp and Hy (the prcxliuit of sensitivity 
of th(^ emulsion the relative intensity of the black body radiation) is in the ratio 
8 to 45 to 56 which supports the suggestion made. If the width of the ion energy 
distribution eiirves and the relative ahundanees would remain constant, 

Avould bo expected to rise linearly with F, provided de-excitation processes are 
independent of V and p. In fact (pienching can be ruled out because the devia- 
tion from the linearity in Fig. 2 ( ceurs at larger V and hence smaller p. 

The relative maxima observed in the three curves of Pig. 2, can bo explained 
in the following way : when V is increased (and p reduced) the peaks of two suo- 
oessivo ion energy distribution curves will imirease and the width of the curves 
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floeroase. Hence dA,yii„ will rise faster than linearly. If liowever, the relative 
abundance of ion^ of lowc^r mass number increases faster than tliose of liigher 
mass, the net result can be a slowing flown f)f thf‘ in(^JX^asf» in which means 

that a maximum in arises. Tt is seen that th(^ n^xima in //„ do not appear 

precisely at the same V as those of and Hy. Whett^er this is flue to low photo- 
grapliie sensitivity in red or not is not certain. | 

The maxima in light emission in the Doppltu- ban<| hav(‘ been connefited with 

H./ etc. and so have tludr ridative maxima in Tn particular the exis- 

tence of a modera te number of ^ ions has been suggested from the earli(»r measiire- 
iiumts. However T)opol (1025) thought tf) have observed sucli sj)ecies by mass 
spectroscopy. Hefjently nev' eviflence has bf^en su|:]|)litMl j)y measurements of 
ion species produced in glow disc,harge in and analy^d with mass spe(^trometer. 
Dawson and Tickner found ions of mass 4 anrl 5. Th(‘ ttiass 4 ion was interprettMl 
as JT 2 D+ but T think that not sufficient convincing daSia have been supplierl not 
to int(»rpret this sy)ecios as a 7/4 * ion. The autlior suggests that the ion f»f mass 
5 is Since a small relative maximum has been observed on the low wavelength 

side of the Doppler band whfui V is above 2kV, it is suggested that tlie first maxi- 
imnn in is associated with disappearance of 7 / 4 + ions whose existence still 

rc^fpiiros more evidence. The sef'ond maximum in is probably associated 

with 7f;j,+ which is found to exist even uj) to IbkV but decreases in abundance 
having a peak value at bKV*'’. 

A (J K N O W L E D G M E N T 

T am indebted to Dr. B. Dasanna(;harya, Retired Head of the department 
of Physics, Banaras Hirxlu University under whose guidance tins abovf' work 
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very thankful to Dr. M. Sakuntala, Physics Department, Banaras Hindu University, 
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ON THE NON-COHERENT FORMATION OF ABSORPTION 
LINES IN STELLAR ATMOSPHERES 

SANTI RANJAN DAS GUPTA 

Dtcpaktivtknt op Matitematios, Untverhjty of Noetti Bknoal, Raja Rammohttnpue 
{Received January 13. 1004) 

Tho (Equation of transfer for partly coherent and partly non-(U)lierent forma- 
tion of absorption lines in stellar atmospheres can written as 

/,, diM, ,,) ^ (, /,)4.(1 „/,(/)+(] +eri.)R^(t)+{\ ... ()) 

where /„ (<, //) is the specific intensity of radiation of frequency v in the direction 
C? -V. and at the optical depth t measured in the continuous absorption 

coefficient k,„ being constant over the width of the line considered, t ~ 0 
corrc'sponds to the outcT surface of the atmosphere supposed to be strateficd in 
}>lan(‘ parallel layers. is the average intensity. 

e. ^ fraction of atoms excited by radiation of frequency v and prevented from 
contributing to the coherent re-emission by siiporelastie collisions. 
H is bowc'vor much fcss than 1. 

_ /g __ ^ine absorption co-efficient 
^ Icv (Jontiniious absorption eo-officient' 

is assumed to be indopemdent of the optical depth. 

a~\~b 1. c? and b are both positive. 

The second term on the right hand side of (1) gives the coherent part of emission 
while the last term in the equation (1) accounts for the non-coherent part of 
emission. J{i) will be called pseudo average intensity and will be regarded to be 
insensitive to the variation of frequency over the absorption line considered. 
The boundary conditions are ♦ 

/.(O, -/O-0,0</c' < 1, 
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I,(«,/t)-exp(-«//:tA)->0 as t-»oc, A =r. 1/(1-| ?/,,), ... (5) 

as t-^(x. ... (()) 

where 3^,(1) is the Planck’s function assumed to lx* (jonstant over the lint*. Wo 
now put 

A == 1/(1 + Vi,), y =- 1+C7/^, cr 


W , HM ^ r,x,, ( 

„ //-I 




1-H 2-(r- 1)! 


H ••• 


(- 1 )' 

(r+1)’ 




(,)' (7*A, w — rt- 0 )'. I)(»th < 0 , to' lie hotwden 0 and 1. 

T(z) = 1- -coJsln5±} , L,( 2 ) ^ 1 - w'-A-sln^^ . 

z — I z 

H(z) tliu unique ^•(llution uf the integral equation 


( 7 ) 

(«) 

(i>) 

(10) 

( 12 ) 


T(z) H(z) ^ coi i d v/('l - w), (13) 

u — z 

and 

H[—z)-¥ 1 + (c.)— lnz \ 0 ( 2 :) as 2 :-> 0, (14) 

We furtlier put 

CO, - c.>'(l+A)-ieo^ (15) 

L.J^z) — 1-“C0 q 2: la , (10) 

lJ{z) ^ II(-z)L,(z) L,(z) - a,-{ U..(z)-~^U4z). (17) 


wJuMt* u^^ “ lJ(J(z) and U_(z) is a function regular cmtsidti a loop tinclosing the 

branch cut (0, 1/A) on the left of the imaginary axis, while (I ^(z) is a function 

regular outside a loop enclosing the cut (0, 1 ) and thti pole ii (real) which is the 
positive real root of 7\z} outside the cut (0, 1). 

B,(t) =. f brf, (f(z) - -if V! AV, ... (18) 

0 0 


(.^“(2) = £ g,v, ... (19) 

0 Jif.. O 

R ( Z ) = S br - rlz \ ... (20) 

0 1 — 6 

/«(2) ^ ^ {ho>'((;f,+('«,)+ArV!}AV. ... (21) 
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wlu^rc* ('^(z) “ X r/V, are flctcrniinod from the boTiiidiiry (^mdition (H), (22) 


- u'ing-daniping constant of a broadened line, (23) 

damping constant of the profile of the absorption co-efficient, (24) 

r„(//) central residual intensity of the line, (25) 

N 

/%(0, //) ^ S ^ intensity in the (umtinuuni, (26) 


/if- 


_2o 


(1 


- W 5 


i xlp({), x)dx 


(27) 


T)u‘ solution of the iiitegro-diffeivntial (‘cpiation (1) is obtained with the help 
of Laplace*- transformation in combination with the principle of analytic conti- 
nuation. In ofitaining our solution it has been possible to avoid the normal 
practice* of assuming an approximate form of J{t). We have been able to find 
an (explicit, cjIoschI expression for J(t) by a new approach based on the expansion 
of L (d, //) in powers of a (justification for this expansion has been advanced). 


If (’(s) in (S) is assuuicMl t(» Ik* a polynomial in 2 j(an assumption analytically 

unjustifiable) we can find an expression depending on the coefficients and 

ju’ovided r^^(z) can he determhuid hy r^^(z) ~ /I,'' (i), z), Tlu^ solution of ( I ) 

(» 


is then obtained on this basis. 


Kowc'ver an analyti(!alJy correct expression for (\z) has l)i*en found a ul is 
given by 

r'(2) -- y«(3)-l-{2 -7i(2) + 6.r'''{2)- (“<'^) 

0 2 

and then the pseudo average intensity J(t) is obtained as 

J(t) - I y//7r!+£cv«r/H 1 i S , i(0^ ... m 

0 0 0 0 

After getting an expression for J(t) as given by (29) it is possible to solve the equa- 
tion (1) and the emergent intensity is them obtained and given by 

1,(0, z) n(z) A^(z)+hH(zmz){Ujz)+L,M^ ... (30) 

M^here 

A^\z) Lt. {hf{z)[u,~U,{z)\ + H( ^z)\aa{z) 4 A^)- WJ} ... (31) 

Z-¥ 00 

From the solution (30) we can get the emergent intensity for coherent sc^attering 
simply by putting b =r o in it (as we should). The solution based on the polynomial 
representation of C{z) is defective in this respect. The solution for completely 
non-eoherent scattering is deduced by putting a — 0 in (30). The expression 
(29) giving J{t) is interesting. 

REFERENCE 
W. Buebridge, M. N., 1953, 113, 52,. 
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CRYSTAL STRUCTURE OF THIODIGL^COLLIC ACID 

SUKLA ROY 

IifOXAN Association for the Cultivation SCISNCB, 

Calcutta-32. 

{Received November 12, 1964) 

The unit cell and space group of thiodiglycollic ac|i has already been deter- 
mined (Roy, 1962). The lattice is orthorhombic and |hcre are 4 molecules per 
unit cell. The systematic absences observed are consifl|ent with the space group 
Pnam or Pna2i with ] 

a == 5.03 ± .03 A 

b == 6.66 ± .03 A 

c 17.76 i -03 A 

All the intensity data were obtained from Weissenberg photograph about 
a and b axis using multiple film technique (Robertson, 1943). Intensities were 
estimated visually by comparison with a standard intensity strip. After correc- 
tion for Lorentz and polarisation factors Fo*(okl), were put on an absolute scale 
by Wilson’s method. No correction for absorption was made at this stage. 

The N{Z) statistical test (Howells et aL) was applied to 100 zone reflections 
for which the projection is centric for Pnam and acentric for Pna2i. It was found 
that the experimental values of N{Z) agreed very well with the theoretical curve 
for the centrosymmetric case, thereby implying the space group Pnam. 

There are 8 general positions for the space group Pnam. Since each unit 
cell of the crystal contains 4 molecules the sulphur atoms must occupy the 
following special position, 

a;, y, i ; s, 9, 3/4 ; i-x, J+y, 3/4 ; i-y, 1/4 ; 

Using the okl data a two-dimensional Patterson was computed to fac^itato 
the determination of approximate y, z parameters of the sulphu^^p atoma., 

Approximate coordinates of the sulphur atoms thus obtained were used to 
calculate the structure factors of the okl reflections. 

Signs of some of the structure factors thus obtained were then used to compute 
the (100) electron density projection (Fig. 1) from which an approximate trial 
structure could be postulated. At this stage the' reliability index was 0.^. ' The 
overall temperature factor was taken throughout to be 1.84. ' * 

49 . """‘Vi 


7 



60 


Letter to the Editor 


Three cvcIeH of Fourier refinement reduced the R value to .34. But no 
further (^hangt* u as obtMuvecl. Two eycles of differences fourier were then earned 



Fig. 1 


out an<l these redu(?ed the R value to 0.2h. Tt was apparent from tins difference 
F^rturier that some atoms had a temperature factor higher than 1.34 and the siilphuf 
atom had an anisotropic temperature factor. 

Anothei’ PatterHon proje<?tion was computed to deksrmine the tliird co-ordinate 
from' the ‘6’ axis O-layer data. The R value for this zone is now 0.30. 

Further refinement is proceeding UHing difference synthesis and least squares 
method. 

Throughout the analysis of the (uystal the scattering factor value of B^rghus 
pi al. were used for carbon and oxygen while saettering factors of sulphur were 
based on values given by C. H. Stam. , r 

A C K N O W K D « M K N T 

^le author is thankful to Prof. B. N. Srivastava, D.Sc., P.N.I., for his keen 
ihierest in the problem and to Dr. Sankar Knraar Datta for suggesting the problem 
and guidance throughout the piece t if work. - - 
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THE ENERGY DENSITY OF SOLAR MflND AND ITS 
CORRELATION WITH COSMIC RA^ INTENSITY 

OH. V. SASTRY f 


VaI.K UnIVKRSITY OB8SHVATOHY, 1%-A. 

! (Remved November \^M) % 

i 

In a recent investigation Snyder et al. (1963)"f()und aWong (?orrelatitm between 
tiu' daily average velocity of solar wdnd rneasurwl witl| the space probe Manner 
2 at a. distaiKte of 0.7 to 1 .0 AIT and the geomagnetic p^m^tary index K^, ftir the 

17; 1982. They ctmipared tHfe average iilasina velocity 
with data on daily mean cosmic ray Intensity and alsb the dtnrnal variatiohs W 
cosmic ray intensity but found no significant correlations. Snyder (1964) (calcu- 


lated the number density, temperature and energy density Kev/cm® of the inter- 
ptafietary plasma with* certain simplyfying assumptions (e.g. MaxwelUBoltimiann 
velocity^ distribution etc.) In the present study a power spectnim analysis 
(Blatikmah and THikey 1958) iV made on the daily mean energy density Yaciimlly 
daily average of three hour averages) and the daily mean (»o»mic ray intensity 
r(‘cord(Hl at Climax for the period Aug. 29 thni. Dec. 17, 1962. Fig. 1 shows the 



LAG DAYS 
Fig. 3 

(TOSS covariance function from - 10 to 4 6 days. It (^an be seen from Fig. 1 
that the cross covariance reaches a maximum value around —2 to —1 days. 
The linear cross correlation coefficient corresponding to the peak in Pig. 1 is 
4 (1.56 i 0.06. The power spectrum of each of the time series shows that they 
have approximately same periodicities of the order of 26 days and the cross spe<^- 
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train indicates that the maximum contribution to the cross covariance comes 
from periods of the same order. 

In view of the present day accepted theories of cosmic ray intensity variations, 
interplaheiary pls^mh Variations and geomagnetic dilri^urbanoes'the lao|c of depen- 
dence of varia^ons on hinjstic pressure ot intetplanetary plastnf (,^yder et at. 

1963) and the present correlation of cosmic ray intensity changes with the energy 
density, particularly the phase lag, are interesting. The computations will be 
extended to the plasma data collected in 1963 for well over six months (Snyder 

1964) and if the present results are confirmed many important conclusions can be 
arriv^ r^rding interplanotarj' gas d 3 rnamios and solar modulation of galactic 
cosmic rays. 

The author wishes to. thank Prof., Conway W. Snyder of the Jet Propulsion 
laboratory for providing the plasma data and for helpful discussions. 
coi^C,ray dataware taken, from CP>PL F series. 

REFERENCES 

i> ' 61se]SlMnR<BirSndTu]cey W — The mflasuroiuent of power Bpaetra. Dover .pubUos- 
. , tjipps lno. IftfiS.. . .. .. , 

»ilv M. and Rao, U. R. 1#63, Joum. Oeop^yt. Bu. 68^ 6361. 
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MAGNETORESISTANCE IN SINGL| CRYSTALS 
OF GRAPHITE 

R. BHATTACHARYA 

Department of Magnetism. Indian Association for thk |cultivatjon of Science, 

Calcutta-82 

(Received Jamiary 19, 1966) 

ABSTRACT. Transverse and longitudinal magnotoresifenco in single erystals of 
gi'aphite have been studied at room temperature for currents llfcth along and perpendicular 
1,0 the basal plane. The effect of orientation of the magnetic fi|ld with respect to the direc- 
tion of current as well as of the cryatullo-graphio axis have alsO been studied. It has been 
obstu-ved that for both transverse and longitudinal cases with cuPrents along or perpendicular 
to the basal plane, maximum magnetorosistance is obtained only when the magnetic field is 
parallel to the hexagonal axis. Magnotoroaistance has been foimd to deviate from a H- (H 
being the magnetic field strength) law of magnetic field variation down to the minimum 
field available for this investigation, namely about 850 Oersteds. 

INTRODUCTION 

Magnctoregistaucc offecjts in crystals of graphite studied so far (Kinchin, 
1953; Berlincourt and Stwle, 1965; Soule 1958) have been only for currents along 
the basal plane and magnetic field mostly normal to the direction of the (mrrent 
(i.e. the transverse magneto-resistance effect only). But it has been shown 
by Krishnan and Ganguli (1939). Dutta (1953) Uhbolohde (1960), Primak and 
Pmdis (1954) and others that there is an appreciable amount of contribution to 
the electrical properties, from eleotntns or holes, (probably thermally excited) 
along the direction perjamdicular to the basal plane. Further, it has b(-en pointed 
out (Wilson 1954; Pearson and Suhl, 1951; Allgaier, 1958) that in cases of aniso- 
tropic semiconducting crystals longitudinal magnetorosistance i.e. changi- of lesis 
tance with magnetic field along the direction of the current, in spcific directions 
of the crystal may be very large, even larger than the tranverse effect. It there- 
fore appears necessary to study the transverse as well as longitudinal magneto 
resistance effects in graphite crystals for currents along the c-axis as also the 
longitudinal effects for currents along the basal plane. 

The present communication describes the results of measurements of magneto* 
resistance in these cases as also for different nec^essary and possible orientations 
of directions of electric current and magnetic field with respect to crystallographic 
axes. It is to be mentioned here that our observations are all for low magnetic 
fields and at room temperatures so that quantum effects are unobservable. 

53 
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EXPERIMENTAL 

When a material of electrical resistance R is placed in a magnetic field its 
magnetoresistance is given by where A/2 is the change of resistance ca\ised 

by the magnetic field and can btj observed in the following cases : 

(i) When the magnetic field is parallel to the direction of electric current 
and its effect is measured in the direction of current. 

(ii) When the magnetic field is perpendicular to the direction of current and 
the effect is measured in th(‘ direction of the cunent. 

(iii) When the magnetic field is perpendicular to the direction of electric 
current and the (dfect is measured perpendicular to both current and magnetic 
field. 

The cast', (i) above is the longitudinal magneto -resistance effect referred to in 
the previous section. Of the two remaining cases, the last one is nothing but the 
Hall effect, it will be notic^ed that a small misalignment of the Hall electrodes, 
in th(» measurement of the Hall effect, from exact normal direction to H and 
JU will cause an appreciable superimposed effect from transverse magneto-resis- 
tance effect. From the remaining (*ase i.e. case (ii) one (tan obtain transverse 
magn(‘to-resistance effect directly. In our case we have usually measured tlie 
transv(n‘se magiu'ton^sistancc efft'ct, adopting the arrangement of case (ii) though 
some measurements by the arrangement (Hi) wore also tak(m. 

The specimens used w^ero flakes of well developc'd single crystals of graphite 
obtainofl from Ceylon and carefully cut into suitable forms. In order to be sure 
that no appreciable (trystallint^ defects are produced by these cutting treatments 
tJie specimens were examined by X-rays before and after such operations. The 
specimens are mounted in specially designed holders so that crystals of different 
sizes can be accommodated in them, maintaining at the same time the appropriate 
length to breadth ratio. Resistances wa^re measured by the liSiial potentiometric 
method using a 'Pye" precision vernier potentiometer reading down to one micro- 
volt. An}^ thermal effects superposed on the effects studied were eliminated in 
the usual way. 

The following sets of observations were taken in course of this investigation. 

A. For currents in the basal plane of the crystal : 

(1) direction of current vertical and magnetic field horizontal; rotation axis 
vertical (basal plane of crystal necessarily vertical) 

(2) directions of current and magnetic field both horizontal; rotation axis 
vertical; basal plane vertical. 

B. For current along the c-axis (perpendicular to the basal plane) : 

(1) direction of current and magnetic field both horizontal; rotation axis 
vertical (basal plane necessarily vertical) 
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In all cases observations were taken for different angles between the r-axis 
and the magnetic field. It is to be not(Kl that other flfepositionH of the crystal 
specimen in the magnetic field are possible, but a littl^ consideration will show 
that these will lead to no new information. 


H E S IT L T S 

Results of different observations are represented ini| Tables II to I V and in 
figures 1 to 4. In Table 1, are represented for the sake|)f comparison, values of 
magnetoresistance obtained from direct observations also from Hall effect 
measurements. The valuer obtained by the two metlAds are more or less the 
same. So at room temperature we found no differenc^in the two methods of 
observation as was found by Berlincourt and Steele (19(55) at low temperature. 


TABLE I 

Values of transverse A/?/7J obtained directly and trom Hall effect 

measurements 


Magnetic Hold 
strength in 
Oersteds 

Transverse a 
from direct obs(*rvation; 
current in the basal 
plane 

Transverse^ a R/R 
from Hall effect 
measuroments ; current 
in the basal plane 

4000 

.0630 

.06«r> 

3000 

.0400 

.0420 

2000 

.0190 

.019.5 

1000 

.00.53 

.00.55 

500 

.0015 

.0017 


For currents along c-axis observed Hall e.m.f.s. being very small, magnetoresis- 
tance obtained after necessary corrections will not be accurate and hence has not 
been included in the Table I. 

For currents along the basal plane maximum magnetoresistance is always 
observed when the angle between the magnetic field and the c-axis is zero, dis- 
position of current and magnetic field being transverse? to each other. But when 
current is perpendicular to the basal plane, thoi^h magnetoresistance is maximum 
when the above angle is zero yet the relative disposition of current and field instead 
of being transverse is pp»rallel and the magnetoresistance we observed is a longi- 
tudinal one. 
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TABLE II 

Variation of AiZ//? with the magnetic field and with orientation in the magne- 
tic field. CuiTcnt along basal jdane and vertical; 0 is the angle between 
c-axis and magnetic field 




Magnetic - 
field in 
OorstodH 

0 -0° 

I 1 

1 ® 

1 

0 =-70‘ 

0 -90^^ 

7500 

. 1792 

.1330 

.0462 

.0059 

7175 

. 1657 

.1242 

— 

— 

6750 

. J518 

.1131 

.0388 

.0061 

6350 

.1356 

— 



5800 

.1198 

.0882 

. 0300 

.0040 

5100 

.0938 

— 



— 

4275 

.0729 

.0534 

.0178 

.0024 

3400 

.0473 

.0344 

.0116 

.0014 

2875 

.0363 


— 

— 

2300 

.0243 

.0173 

.0059 

.0008 

1760 

.0160 

.0109 

.0035 

.0004 

1175 

.0069 

.0057 

.0018 

.0002 

600 

.0019 

.0014 

.0003 


350 

,0007 

.0005 

.0002 




TABLE III 

Variation of with magnetic field and with orteatation in magnetic 

field. Current ahmg basal plane and horizontal, 0 is the angle 
, between c-axis and magnetic field 

Magnetic A RjR 

I field in — 


Oersteds 

0 =-=0*^ 

0 -30° 

0 -60° 

6 =^»0' 

7600 

.1762 

.1370 

.0672 

.0038 

6750 

.I486 

.1163 

.0470 

.0033 

6800 

.1161 

.0890 

.0402 

.0026 

4275 

.0692 

.0.543 

.0219 

.0017 

2300 

.0232 

.0179 

.0078 

.0006 

1176 

.0068 

.00.54 

.0023 

.0001 

360 

.0005 

.0006 

.0002 
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TABLE IV 


Variation of AjRjS with magnetic field and with orientation in magnetic^ 
field. Current perpendicular to basal plane an^ horizontal. 0 is 
the angle between current and magnetic, fiekf i.e. between 
c-axi«^and the field. | 


Magnetic 
field in 
Oersteds 


A RjR ] 


0 -0" 

0 =.^30" 

o 

li 

0 -=90" 

7500 

.0421 

.0327 

.0135 ] 

.0008 

6760 

.0364 

.0279 

.0118 1 

i .0005 

5800 

.0281 

.0214 

.0060 1 

i 

The values 
f became too 

4275 

.0180 

.0136 

.0056 i 

’ low to bo 
I’eliably 

3400 

.0118 

.0089 

.0039 

measured 
with our 

2300 

.0062 

.0059 

.0022 

potentio- 

motor. 

1175 

.0025 

.0018 

.0006 


350 








In order to test the observations of magnetoresistance for current along the 
basal plane and flowing in a vertical direction with the magrletic field horizontal, 
observations have also been re<tordod with a thin flake of graphite cryKtal having 
a minimum width as well as with a plate of extruded sample of graphite, the dis- 
position of current and magnetic field b(*ing same as before. The importance of 
those observations will bo discussed in the next section. 

It may be pointed out here that for currents along the basal plane the magno- 
torosistance effects observed for the cases when the current is vertical and when 
it is horizontal are slightly different and is obviously a consequence of crystal 
anisotropy. 


DISCUSSION 

Before proceeding to discuss the various results of observations on the mag- 
netoresistance effects in graphite, it should be borne in mind that graphite is a 
natural crystal and a considerable amount of mosaicity in structure is present in 
it in addition to foreign impurities. Any attempt to remove the foreign impurities 
increases the mosaicity further (Ray, 1959) which again considerably affects the 
different bulk properties of the crystal (Bhattacharya. 1959). Therefore all 
discussions on the observed properties of graphite will be under this limitation, 
that is, there is present an appreciable amount of mosaicity'of strticture in all 
crystals of graphite obtained from natural sources whether purified or not. i 
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(i) aiirrent along the banal plane, fimdng in a vertical direction, magnetic field 

being horizontal and the rotalion axis vertical 
Under this arrangement, for all orientations of the crystal with respect 
to the magnetic field, the latter is always transverse to the current. But the 
magnetoresistance observed changes (figures 1 and 4) as the angle between the 



Fig. 1.- -Variation of transverse A/J/ii with magn(?tic held H for ciifforent- values of the 
nnglt» between magnetic field and c-axis of the Crystal; current along thtj basal plane and 
verticab^fiold being horizontal. XXX Calculated points. 



Fig. 2. — Vfgri^tion of AB/iZ with H, the magnetic field for different values of 6 ; curront 
biilgl plane and horizontal; field horizontaL x x x Calculated points. 
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Fig. 3.™ Variation of with H, tia^ maguotic field for tiitterent valuew of current x»* 
to the bafcial plane and horizontal, field also horizontal. 

c-axis and the magnetic field changes, being maximum when this angle is zero 
and minimum when it is 90*^. That this observation is a (consequence of crystal 
anisotropy and not a size effect is V(3rified by repeating the t'xpc^rimt^nt with a 
crystal liaving a minimum width, when similar results were obtained; but when 
it was repeated with an extruded sample of graphite which is practically polyciys- 
talline and whose dimensions are similar to those utilised for tliis investigation, 
magnetoresistance as found to remain practically constant for all orientations of 
the crystal with respect to the magnetic field. The observations may tlierefore 
be explained on the basis of high anisotropy of graphite due to which effective 
mass of the carriers for motion in the basal plane is, as is well known, (Shoenberg, 
1952-53; Krishnan and Ganguli, 1941 ; Dutta, 1958) very small in comparison with 
that in directions parallel to the c-axis. Magnetorcsistance which is inversedy 
related to the effective masses of the electrons (or holes) will evidently be much 
larger in the basal plane than in a perpendicular direction. At any intermediate 
orientation the effect observed will be a resultant in that perticular direction 
of the components of the two extreme values, the effective part of the Lorentz 
force producing the effect being different for each orientation. In addition to 
these there will be a contribution from the magnetoresistance effects due to 
differently misoriented crystallites in the specimen. Our observed values are 
the statistical averages of all these. 

In view of what has been stated above, magnetoresistance AHjll at ii|ny 
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angle between tlie jfield and the r.-axis will evidently be given by the relation of 
the tyiw 

AJR/-K -- A ^ sin*/? 



Kig. 4.— VrtriHtion of Ai?/i? with 0 for (Hfforoiit cjiroctions of current. 

H - 7500 OwHteds. 

(kirvo (1) Current parallel to basal plane and vertical, H horizontal, rotation axis 
vertical: arrangement always transverse. 

Curve (2) Current parallel to the basal plane and horizontal, H horizontal, rotation 
axis vertical; arrangement trauHvorsc v/hon 0 — 0“ and longitudinal when 
0 -= 90". 

(7urve (3) Current perpendicular to the basal platie and hurizonl<Hl, H horizontal, rota- 
tion axis vertical; arrangement transvt^rse wlion 0 “ 90® and longitudinal 
when e = 0^ 

where A and B are respectively the maximum and minimum values of magne- 
toresistance. The calculated values according to this relation are plotted in figures 
1 and 2 alongside the curves showing the variation of observed AJS/J? with angle 
of orientation and with magnetic field. The slight deviations observed are due 
presumably to experimental missettings and misoriented crystallites present in the 
basal plane and whose contributions to magnetoresistance are not related in any 
simple way with the variations of 6 and magnetic field, since in considering the 
contributions towards the principal magnetoresistance of the crystal both the 
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transverse as well as longitudinal (iomponents from the different niisoriented 
crystallites will have to bo taken into account. Tliis can however be done provided 
we know the number of misoriented bloc*ks at any partictilar angle of niisorien- 
tation. We have recently developed a method of (loing|this and the results ob- 
tained after employing the method are going to be publislii|d soon. 



Fig. 6. — Variation of transverse ARjR with H- for currents along the basal plane and 0 0 

Before concluding this sec.tion it may be remarked that the very low value of 
S,R jTl (observed when the angle between the c-axis and the field is 90 may be 
considered to be due not only to transverse magnetoresistance considerably 
diminished as a consequence of the bending of electron paths taking place in 
directions parallel to the c-axis of the crystal but also to contributions from mis- 
settings and misorientations of crystallites which are also very small. 

(ii) Current along the basal plane flowing in a horizontal direction, magnetic field 
being horizontal and rotation axis vertical 

The observations recorded (figures 2 and 4) in this arrangement are more or 
less of the same type as in (i) above with the exception that when the field and the 
current are parallel i.e, when the angle between the field and the basal plane is 

2 
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zero (angle between llie c-axi« and field is 00 ') the feeble magnetoresistanco (niui li 
fe(^b](T than in the similar disposition with the transverse case discussed above) 
observed, is due to contributions fnuri misalignment of crystallites in the basal 
plane, as well as longitudinal juagiietoresistance in the basal plane. 

(hi) ( \irren.t along r^axifi Jlowing in a horizontal direcliori, magnetic field being 
horizontal and rotation axis rerlical 

Magn(‘toresistanc<' in graphite with this arrangement has not been studied 
earlier. The llatur(^ of variation of ARjlt with the angle between field direction 
and ('urn*nt direction though jnoix' or h^ss of tin* sanui typo as discusscKl above 
yet diff(‘r in one important aspec-t. In all the earlier cases the transverse magno- 
toresistance was always much larger than the longitudinal one (see figure 4) but 
in this arrangement the reverse is the ease (figure 3). Similar behaviour, namely 
longitudinal ^RjH value greater than transverse on(^ has been observed in semi- 
conductors like w-type germanium (Pearson and Soul(‘. 11)51) and p- and '/i-tyj)e 
PbTe (Allgaier, ll)5S) for currents in vsome specified dire(itions. Incidentally, 
it may b(^ mentiont'd here that graphite behaves as a semieondmdor for currents 
along directions paralk^l to the c-axis (Dutta 19511), (uirreiits being most probably 
mainly (‘arried by holes (Ubb(*lohd(^ et al. 1960). 

In this (connection it is interc'sting to note that w hefJuu* the arrangejnent is 
transverse or longitudinal, magnetor(>sistan(*e. is maximum w^hen the magnetic 
fi(dd is perpendicular to tlu^ basal plane for both directions of current. 

(iv) Variation of ARjR with Magnetic field. 

Tn order to test the usual tP law of variation of AJ?/jR wt ])lotted for current 
along the basal plane transverse ARjR against where H is the field strength 
in figure 5. It is observed that deviations are (juite apprecuablo. These devia- 
tions may be either genuine or due to crystal defects present in the samples or 
both. However, from the logarithmi<i plot (figure 6) made for the purpcjso we 
obtained a variation for currents along the basal plane flowing in a vertical 
direction for higher fields 2009 to 7500 Oersteds and a variation for lower 

values of fields (350 to 2000 Oerstculs). Similar is the case for currents along the 
basal plane floAving in a horizontal direction. When current is along directions 
parallel to the c-axis we could utilise the values of the longitudinal case, only, 
the transverse values being too small to be relied upon for any discussion. In 
the range of fields within which the observed values can be taken to be reliable 
the variation follows a Other workers (Kinchin, 1953; Berlincourt and 

Steele, 1955; Souk* 195S), wiio also studied the field variation of AJB/i? obtained 
deviations from law\ Their values can be summarised in the following table 
(Table V), our values also being included for comparison. Soule (loc cit.), who 
has made somewhat exhaustive study of the field variation of AR/B at room 
temperatures and low fields, suggests that deviation from law w^hich takes 
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place above a <Titical field He is a consequence of the purity of the crystal, ^RjRH^ 
increasing and Hr decreasing with purity. In view of this we may remark that 
our sjK^cimens were sufficiently pure since we did not observe any He oven down 
to 350 Oersteds (Fig. 6). It therefore appears that deviation from H"^ law is a 
genuine one at least at room temperatures. But before accepting such a view 
proper consideration of the cTystal defects which are naturally present and are 
further developed in eoursii* of chemical purification (crystals used by Soule were 
also purified in the usual way) should be taken into account. 

C O N L U D I N G REMARKS 

The results of the observations reported here have not obviously been discussed 
in the light of any theory partly betcause no proper theory for magnctorcsistance 
in anisotropic (crystals for transverse and longitudinal cases has yet been developed 
and partly because observations have not been extended down to low temperatures. 
Investigations are in progress in these Htjcs and will be publislied soon. 
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THE VISIBLE EMISSION SPECTRiJm OF BiCl 

MOLECULE I 
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{Beceived August 17, 1964; Resubmitted November 1964) 

PLATE 1 

ABSTRACT. The spectrum of BiCI was reinvestigated inla high frequency discharge 
both under low and high dispersion. A new system of 12 bands pegraded to red designated 
an A' — X system has boon obsorvod and analysed in the region X k220-’4()00A. The approxi> 
mate vibrational constants were determined for the upper state ’^f this system. The rota- 
tional analysis of (2,0, (3,0) and (4,0) bands of the A—X system of BiOl has led to the deter- 
mination of the rotational constants. The bands appears to arise from a case (c)0+— 0+ as 
was assumed previously by Khanna (1961). 

INTRODUCTION 

Two discrete band systeniK, one in tfie region A5400-A4220A and the other 
lying in the region A4()00‘ - A3600A were analysed and attributed to BiCl molecule. 
A summary of the early work on this molecule (’an be found in a paper recently 
published by Venkateswarlu and Khanna (1960). The vibrational analysis 
of the visible system was conflideralily extended to include many new bands in 
thci region A6I70— A4220A. From a rotational analysis of five bands (0, 2), (0, 3), 
(0, 4), (1, 2) and (I, 1) of this system, they have suggested that the system arises 
from a case (C) 0^-0+ transition. The visible emission spectrum of BiCl has 
been investigated by the authors botli under low and high dispersion. A new 
system of bands in the region A4220— A4000 has been observed and analysed. 
The rotational structure of (2, 0), (3, 0) and (4,0) has been examined in the second 
order of a 21 ft. concave grating spectrograph having dispersion (1.25 A/nim), 
with the object of gaining new information of the rotational constants of the 
v' ~ 2, 3, 4 levels of the upper state and v" ^ 0 level of the lower state of the visible 
system. The results of the rotational analysis of those three bands and the vibra- 
tional analysis of the system (A'--X) of bands in the region A4220— A4000l are 
presented in this paper. 


EXPERIMENTAL 

The spectrum was excited in a high frequency discharge through the vapour 
of anhydrous BiCl 3 under low pressure conditions. Photographs of the spectra 
in the visible region were taken on a Hilger 3 prism glass Littrow spectrograph 
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and in tfie second order of 21 ft. concave grating spectrogra})h using Agfa 
Super Sp(H^ial plates. Exposure of one hour’s duration was found sufficient 
for d(*veloping the ndational structure of the visible system. The bands (2, 0), 
(3, 0) and (4, 0) which were found to be free from overlap])ing of neighbouring 
bands, were selected for ineasurenient of the rotational lines. Furtlier these bands 
are not previously analysed by Khanna (loc. cit.). A new group of bands in 
tlie region A422i)-~ /\4000A degraded towards the red were measured from the 
plates taken on the glass littrow instrument. The accuracy of the measurements 
of the band heads ii^ 2 eni '^ whih^ that of the rotational lines is 0.07 em“^. 

V T H Jl A T I O N A L ANALYSIS 

Photographs of the spectra reveal the wellknown visible system of BiCl in 
the region y\0170— A4220A. In the region A4220— A4000 a new group of bands 
degraded towards the longer wavelengths. These do not appear to be related in 
any way to tlie bands of the B-X system (A40()0— A3000). The bands of the 
B-X system were not observed in the sourc(‘ of excitation employed in the present 
w<^rk. The new l>ands in the region A4220— A4000A could nf)t also be fitted into 
the vibrational scheme of the A-X system analysed by Venkateswarlu and 
Khanna (loc. cit.). The bands appear therefore to constitute a new system of Bidl 
and can be seen in Fig. 1, The analysis of this system was greatly fa dlitated by 
the identification of a long v' progression with 0 and short ?/ pn»gr('ssion with 
v'" =- 1. Tlie A(t\ interval of the levels v" ~~ 0 and v" — I agrees very closely with 
th(* (H)rresponding interval of the ground state ‘X’ of BiCl. Thus the analysis 
confinns that the emitter of this system is diatomic* Bid. The two v' progressions 
of this new" system designated as .4' — X are showm in Fig. 1. The bands of this 
system are too weak for a study of the rotati(mal structure on the 21 ft. concave 
grating spectrogra}>h. TabU' T givi^s the vibrational assignments and w"avo 


TABLE I 

Vibrational assignments and wave number data of -X system of BiCl 


v\ v'' 

Wave 

number 

in 

0,1 

23321.0 

LI 

23513.0 

0.0 

23628.0 

2.1 

23700.0 

1.0 

23817.0 

2,0 

24006.0 

3,0 

24188.0 

4,0 

24369.0 

5,0 

24538.0 

6,0 

24703.0 

7,0 

24860.0 

8,0 

26006.0 
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Fig. 2. — Rotational Structure of 2.0 band of A — X system of BiCI. 
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number and Table TI gives the vibrational scheme of R heads of the A' - X system. 
Approximate vibrational constant!? were detormiiK^d from the vibrational analysis 
of the A' X system of BiCl. They are ir',, ^ 193.67 em*^ and — 

3.17 em~b From the magnitude of the vibraticAal constants of A and A* levels 
it may be concluded that they arise from the sline electron configuration. 

TABLE II 

Vibrational analysis of A'—X sjstom of BiCl 



0 23628.0 

307 

^23.321.0 

189 


J92 

1 23817.0 

304 

23513.0 

189 


187 

2 24000.0 

300 

23700.0 


182 

3 24188.0 

181 

4 24369.0 

109 

5 24538.0 

105 

0 24703.0 

157 

7 24800.0 

147 

8 25000.0 

KOTATIONAL ANALYSTS 

Khanna (1961) reported the rotational analysis and rotational constants of the 
upper and lower state of (0, 2), (9, 3), (0, 4) (1, 2) and (1,1) bands. From considera- 
tions of electronic configurations for the ground and first excited states of BiCl, 
the observed simplicity of the bands consisting of only P and R branches was attri- 
buted to a case (c) transition. Since the information about the rotational 

(constants of the v" — 0 and — 2, 3, 4 is still incomplete, the rotational analysis 
of the (2, 0), (3, 0) and (4, 0) bands have been carried by the authors. Each of 
these bands is found to consist of only two branches P and R, the branch that forms 
the head and which becomes weaker at high J values, is easily identified as R 
branch. It is observed that the P and R branches are resolved only at high 
J values as in the case of each of the five bands analysed by Khanna. As the 
lines of P and R branches do not show any sign of doubling even at high J values, 
it is assumed that the bands arise from a, case (c) 0'^-- 0^^ transition.' 

The procedure for the determination of J numbering of the rotational lines 
of five incompletely resolved bands of BiCl has been discussed in detail by 
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Khaniia in his paper. The J numbering of the rotational linos of (2, 0), (3^ 0) 
and (4.0) baiuU lias btien fixed in the usual way by comparison of the lower state 
eoni bination differences. The rotational lines of the P and B branches of (2, 0) 
band are shown in Fig. 2. The vacuum wave nujubers and rotational assignment 
of (2, 0) (3, 0) and (4, 0) bands are given in Table III. 


TABLE ni 

Vacuum wave-numbers and rotational assignments for (2, 0), (3, 0) 
and (4, 0) bands of A — X system of BiCl 

(2.0) (3,0) (4,0) 

’RiJ) P(J) R{J) P(J) R{J) P(j) 


20 







21 







22 


22169.46 





22 


168.55 





24 


167,72 





25 


166.84 





20 


165.90 





27 


166.01 





28 


164.10 




22570.28 

29 


103.16 




569.24 

30 


162.07 




568.22 

31 


160.99 




667.24 

32 


169.91 




666,17 

33 


158.78 




565.08 

34 


167,69 




563.91 

35 


156.42 




562.80 

36 


155.30 




561.65 

37 

22169.46 

154.16 




560.49 

38 

168.55 

152.86 




559.41 

39 

167.72 

161.60 




558.06 

40 

166.84 

150.35 




556.85 

41 

165.90 

149.06 




555.62 

42 

165.01 

147.69 




553.99 

43 

164.10 

140.33- 



22570.28 

562.74 

44 

22163.16 

22144.88 



22569.24 

22551.39 

45 

162.07 

143,43 


22343.91 

568.22 

549.94 

46 

160.99 

142.04 


342.48 

667.24 

548.66 

47 

169.91 

140.52 


341,00 

566.17 

647.10 

48 

158.78 

139.09 


339.58 

565.08 

545.58 

49 

157.69 

137.57 


337.86 

563.91 

544.30 

50 

156,42 

136,06 


336.02 

562.80 

542.76 

51 

155.30 

134.47 


334.39 

561.65 

541.00 

52 

53 

154.16 

152.86 

132.91 

131.20 


332.66 

331.02 

560.49 

559.41 

539.50 

537.65 

54 

151 ,50 

129.50 


329.36 

558.06 

535.92 

55 

56 

57 

58 

59 

150.36 

149.06 

147.69 

146.33 

144.88 

127.94 

126.36 

124.43 

122.58 

120.78 

22343. U1 

327.60 

326.79 
323,67 
321.65 

319.80 

556.85 

655.52 

553.99 

552.74 

551.39 

534.42 

532.80 

530.80 
529.04 
527.22 
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(2,0) (3,0), (4,0) 

j ■* 



B{J) 

p{j) 

lt{J) 

: P{J) 

4. 

ji(j) 

p{j) 

(50 

143.43 

119.00 

342.48 

1 317.88 

549.94 

525.41 

(51 

142.04 

117.03 

341.00 

1 315.91 

548.66 

523.58 

62 

140.52 

115.10 

339.58 

1 313.96 

547.10 

521.61 

63 

139.09 

113.22 

337.86 

i 311.96 

545.58 

519.65 

64 

137.57 

111.24 

336.02 

1 309.90 

544.30 

517.78 

65 

136.05 

109.49 

334.39 

1 

J 307.90 

542.76 

515.93 

66 

134.47 

107.47 

332.66 

305.74 

541.00 

513.79 

67 

132.91 

105.57 

331.02 

1 ,303.60 

539.50 

511.87 

68 

131.20 

103.11 

329.36 

^ 301.50 

537.65 

,509.75 

69 

129.53 

lOl.ll 

327.60 

: 299.27 

535.92 

507.63 

70 

22127.94 

22099.01 

22325.79 

22297.00 

22,534.42 

22505.56 

71 

126.36 

096.82 

323.97 

294.86 

532 . 80 

503., 39 

72 

124.43 

094.72 

322.16 

292.63 

,530.80 

501.30 

73 

122.58 

092.54 

320.30 

290.24 

529.04 

499.09 

74 

120.78 

090.23 

318.35 

287.93 

,527.68 

496.82 

75 

119.00 


316.36 

285.61 

,526.03 

494.36 

76 

117.03 


314.40 

283.24 

524.11 

492.26 

77 

115.10 


312.36 

280.84 

,522.25 

490.05 

78 

113.22 


310.44 

278., 34 

520.32 

487.74 

79 

111.24 


308.38 

275.96 

518.40 

485.21 

80 

109.49 


306.35 

273.52 

516.44 

482.79 

81 

107.47 


,304.25 

270.87 

514.52 

480.42 

82 

105.57 


,302.16 

268.37 

512., 55 


83 

103 . 55 


300.00 

265.74 

510.51 


84 

101.59 


297.81 

263.16 

508.47 


85 

099.43 


295.67 


506.37 


86 

097.36 


293.39 


504.39 


87 

095.18 


291 .09 


502.29 


88 

092.98 


288.83 


500.02 


89 

090.79 


286.61 


497.80 


90 

088.63 


284.29 


495.52 


91 

086.43 


281.82 


493.27 


92 



279.46 




93 



22276.96 




94 



274.56 




95 



271.96 




96 



269.52 




97 



267.08 




98 



264.41 




99 



261.69 




100 








The rotational constants of upper and lower states were determined from the 
relationship 

A^(J) = 4ByiJ+ll2) 

neglecting tiie effect of D correction term. The average value of 

for (2, 0), (3, 0) and (4, 0) bands was used for detennining the rotational constants 
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Tablo IV mumnariseB the rotational constants of various levels of the upper 
and lower states, inciluding also the values obtained by Khanna (1961). The band 
origins olitainod by plotting 

against are also inelurlod in Table IV. 

TABLE IV 

Rotational constants of various levels of A— X system of BiCl 


JSand 

Assign- 

mont 

Band 

Head 
in cm^i 

By ' 

ill cm-* 

Hv" 

iu nm-i 

Band 
Origin 
in cm“* 

2,0 

22183.0 

O.IOI 7 

0.115^ 

22181.2 

3,0 

22388.7 

O.IOI 3 

0.115.* 

22380.8 

4,0 

22588.0 

O.lOlo 

0.11.54 

22.580.3 

* 1.1 

2106().0 

0 .l 02 i 

0.114*; 

21664.5 


21302.0 

O.lOlfl 

O.llSg 

21360.3 

* 0,2 

21147.0 

0.102b 

0.1144 

21144.8 

♦0,.3 

20844.0 

0 . 1 02 o 

0 113,; 

20842.0 

*0,4 

20543 0 

O.IOI 3 

O.U 2 „ 

20541.5 


Constants obtained by Khanna. 


TABLE V 


Rotational Constants of upper and lower states oi A— X system of BiCl 


State 

Be 


De 

Pe 

re 

10-*o 


1 

cm-i 

cm - * 


A 

g om^ 

Upper 

.102,, 

— 

— 

— 

2.349 

274.8 

Lower 

.1164 

— 

-- 

— 

2.208 

242.5 


The r, and values for the upi>er and lower states are determined from the 
wellknown relations (Herzberg, 1950). The rotational constants of the upper 
and lower states are summarised in Table V. The D terms are not included in 

the table as they are too small to be determineil with the accuracy of the present 
measurements. 

The electronic transition of the A-X system of BiCl has been fully discussed 
by Khanna and attributed to a case (c) 0^-0+ transition. 


The Visible Emission Spectrum of BiCl Molecule 71 


ACKNOWLEDGMENT 

The authors wish to express their thanks ij) Prof. K. R. Rao for his interest 
and encouragement throughout the progress oj this work. One of the authors 
(V. S. N. Rao) is grateful to the C.S.I.R. for th^ award of Junior Research Assis- 
tantship. | 

A 

> 

REFERENCp 

Herzberg, G., 1960, Spectra of Diatomic MoIoHjIoh (D. Van Nostrand Co., Inc. Now 
York), p. 180. I ' 

Morgan, F., 1936. Fhys. Rev., 49, 41. ? 

) 

Khanna, B. N., 1961, Joitr. Mol. Spectrompy, 6,‘ 319-332. 

Prasada Rao, T. A. and Rao, P. T., 1962, Can. J. Phyti., 40, 1077-1084. 

Vonkaleswarlu P. and Khanna, B. N., 1960, Proc. Indian Acad. Sei., 61, 14. 



9 


A HYBRID POTENTIAL FOR INERT GAS ATOMS 

ANIL SAKAN 

Indian Association foji thk (.‘uj.tivation of Science, Caccutta-:I2, 

[Heveivvd De^i^tnhvr 21. 1904) 

ABSTRACT. A potiMitial mode*! for inert gas atoms comprising the Morse potential 
function in th(» region of po1(*ntial minimum. mol<‘cidar beam scattering data in the repulsive 
•egion aiui Mie experimental BiT) data for large values of intermolecular separation has 
i)<»en suggested. This hybrid pott)ntial has been determin(‘d for neon, argon and krypton 
with fairly satisfactorv r(‘sults. 


1 N T R on U (‘T I ON 

The most eominoiily u.secl fonus of the. interiuoloeular potential are the 
Lennard-Jones (12:(1) and the modificHl liuekinghani exp-h models whi(‘h involve 
tw'o and three unknown parameters respectively. Generally these jmraineteis 
are detcTinined Iroju a set of experinu‘ntal data and tlu‘ same parameters an^ used 
tc' ealeulatc* otht'r properties. However, it has bwn found that even for spherically 
symmetrie molecules it is not possible to reprcnsc'iit cjuitc^ satisfactorily the equi- 
librium and non-oquilibrinm properties, in terms of a single* set of parameters. 
This has led s(*veral workers to suggest that the intermolecular pot(*ntial can not 
he aflequately re])resentcd over the whole range of intermolecular distances by only 
two or three parameters. 

Guggenheim and M^'Giashan (J9(50a) w'cre first to suggest a six-paranieteu* 
poteuitial to obtain the potential energy curve for interat^tion between two argon 
atoms. They have utilized different equations to represent the intermolecular 
potential at different ranges of intenuolecular distances. The potential energy 
curve thus obtained is much (bx^per and wider than those on the Lennard-Jones 
(12.6) and the exp-6 models. This result is in agreement with the suggestion of 
Kihara (1953, 1955) that at least for inert gases tlie intermolecular potential should 
he wider than those on the Lennard-Jones (12.6) potential. Barua and Ohakraborti 
(1961) and Chakrahorti (1963) have, exte-nded the treatment of Guggenheim and 
MeGIashan (1960a) with some modification to the case of Kr and Xe respec- 
tively. The results obtained were similar to that of Guggenheim and McGlashan. 

Recently Konowalow and Hirschfelder (1961) have used the Morse potential 
unc ion to interpret the various transport and equilibrium properties of subs- 
tances. The parameter c of the Morse pt>tential function, which is related to the 
curvature of the potential at its minimum, makes this potential more flexible 
than the Lennard-Jones (12:6) potential. Konowalow and Hischfelder have pointed 
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out that thi» potential will be better represt^ntatiori near tlu* potential inininmni 
although at small and large separationH it may Igj lead to erronot)Uft results. They 
have utilized mainly the crystal properties data to deterniine the forc^e e.onptants 
for several nonpolar molecules. Saran (1963) ^as used transpoit properties data 
to obtain the parameters on the Morse potcn|ial. The two sets of parameters 
are, however, found to differ considerably fro#i t^a<?h other and probably this 
points to the faihtre of the Morse potential far |^om the rt*gions of potential mini- 
mum which is g^tressed by crystal properti^B data. It is seen from Table J 
that the depth (also the width which can be seen ]|y actual drawing of the potentials) 
on the Morse potential as obtained from crys^l j)roporties data is very close to 
tlie values obtained on the six-paranu^ter potential. This has led Saran and Barua 
(1964) to suggest the use of tin* Morse potential (as obtained from the crystal 
properties data) near the potential minimum. The amount of data re(|uired and 
the calculations involved will be much less than the six-])arameter potential. 
(%)nse(iuently, they have proposed the use of following hybrid p(»tential which 
should be nearly as good as the six-parameter and have succ^essfully applied to 
the case of xenon. 

In the region of the potential minimum, a Morse potential function, for r < (T, 
the repulsive energy function as obtained from the scattering experiments and for 
large value of r, the following expression 

<j>(r)lk ~ (for r > 1 .4r„) ... (I) 

TABLE I 

Force constants of Ne Ar, Kr and Xe on Morse, six-parameter and Lennard- 

Jones (12:6) Models 


Potential para mol ers on 


Subs- 

tance 

Morse potential 
model 


Six -parameter model 



L-J(12 : 6) 
model 

c 



O 

rwjA 

elk 

"K 

KIkx 

10-2 

"K 

otfk X 

10-s 

P/A;x 

lO-** 

xjk 

K 

r„,A 

ejk °K 

No 5.1 

3.152 

43 99a 

3.130 

40.6 

13.26 

5 . 78 

0.578 

44.3'> 

3.086 

35.60/ 

Ar 5.0 

3.855 

144. 8« 

3.812 

137.5 

44.9 

19.6 

1.96 

150C 

3 . 826 

119.49® 

Kr 4.6 

4.038 

182.7® 

4.074 

192.8 

65.95 

30.74 

0 

185rf 

4.130 

166.67® 

Xe 4.9 

4.420 

274.7a 

4.418 

277.7 

87.9 

38.58 

0 

255^ 

4.568 

225.30® 


«Konowalow and Hirschfelder (1961) ; 
^Guggenlieim and McGlashan (1960b) ; 
®Cinggenheim and McGlashan (1960ft) ; 
<*Barua and Ohakraborti (1961) ; 
^Chaknaborti (1963) ; 

/Hirschfelder, Curtiss and Bird (1954) ; 
^Whalley and Schneider (1955). 
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iK to }«• T i. the value of intcrmolocuiar separation r at which 0(r) - 0. 

m is a lonstant to be deterniined by fitting the experimental second vmal i^ta 
nm- r is the value of r at which the attractive energy is maximum. In this 
paper, the treatment of Saran and Barua (1964) has been extended to the cases 
of neon, argon and krypton. 

CALCULATIONS AND KE8ULT8 

(i) J)ef,ermiwtti(ni of PoientutI Etwryif Curve 

In the neighbourhood of the ixitcntial inininnim. the interaction energy on the 
Mors(' ])oti‘ntial is expressed as 

(j>(r) =: 6{exp(-2c(r*~r, „*)!>- 2ex])f-c(r*-~^/)]} ••• (2) 

where (j>(;r) is the potential energy of two atoms separated by a distance r, e is the 
de])th of the jKitential at its minhniini where r = r* =: r/cr, ^ 

being the value of r for which <f>(r) =r (>. The parameter c is related to the 
curvature at the potential minimum. The force constants recorded in Table I 
were used to get the potential energy curves at the potential minimum region for 
tht» above mentioned gast^s. 

When the intermolecular separation is large, the interaction energy is given 
hyeqn. (1). The values of A /ifc for the above mentioned gases as obtained by 
fiting the experimental second virial coefficient data are given in Table II. 

Following Chakraborti (1963) in the region r < <r, we have utilized the poten- 
tial energy function as determined by Amdur and Mason (1954, 1955a, 1955b) 
from scattering experiments. Their results may be expresse<l as 

<f>{r) A/r^ erg (for r < ••• (3) 

The values of A , n and s are given in Table II for gases considered here. 


TABLE II 

Values of the constants A, n, a and Ajk, 


Substance 

A X lOtn 


-A 

\fk «K 

Ne 

6.07 

10.41 

2.13 

71.0 

Ar 

13.60 

8.33 

2.69 

180.0 

Kr 

2.56 

6.42 

3.14 

333.0 


The potential energy curves were obtained by joining the points in the differ- 
ent regions of r by smooth lines. The potential energy curves thus obtained 
on the hybrid potential are shown in Figs. 1-3 for the gases neon, argon and 
krypton respectively. For the sake of comparison the potential energy curves 
on the Lennard-Jones (12:6) as well as on six-parameter potentials are also 
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shown. The potential energy curve for noon on six-parameter potential has 
not boon shown in Fig., 1. 



Fig. 1. "The })otential energy curve of 
Neon plotted against the intermiclear dis- 
tance on the hybrid and Lemiard- Jones 
(12 : 6) potentials. 



Fig. 2 — The potential energy curve of Argon 
plotted against the internucleaT* distanre on 
the hybrid, Lennard-Jones (12:6) and six- 
parameter potentials. 



Fig, 3. — The potential energy curve of Krypton plotted againstHhe intemxiclear distance on 
the hybrid, Lennard-Jones (12 ; 6) and sk-pawnneter potentials. 
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(ii) ('fdonhition o/ /Second Virml Coefficient. 

Tlu‘ Kciond viriai coefficient B(T) of a gas is expressed as 

B(T) - 27tN J {1 - exp [ -(/>(r)lkT]]r^dr, (4) 

0 


when* is Avogadro's number. 
TIu* integral is split up as 


when* r, - L4r,^,. 


X (r 00 

/ - / + ; 4 J -I- J 


(6) 


In the region r ^ d to r -- .s, </)(r) is very large so that exp \--<^(r)/kT\ — 0. cr is 
the value of r at which (f>{r) ^ 0 and its value is obtained from potential energy 
curv^e. Eqn. (5) now becomes 


2nN f " '^1 

--- J U f‘xp[-0(r)/A*r]}f/(r3)-| J {l-i^xp[-^ (f>(r)/kT}d(r^) 

L jif a 


TF J (6) 

Th(‘ (‘xjHM'iiiiental ii(T) values of Ne (Micliols, Wassenaar and Louwerse, 1960 ; 
HolUorn and Otto. 1926). Ar (Holborn and Otto, 1925 ; Whallo.v, Lupien and 
Scihneider, 1952) and Kr (WhalJc'V and Sehnoider. 1954: Beattie, Briorlcy and 
Barriault. 1952) are graj)hicall.v shown in Figs. {4)-{6) respectively along with the 
ealeulate(l values obtained <.n the hybrid potential. The agreement between 
the exi)erhnental and the calculated %^alues is (|iiite satisfactory. 


i -20I- 


173 2 373 1 573 2 77T2 fi 73 2 

T*K — ^ 

Fig. 6. The second viriai coefficient JS(T) of 
Argon plotted as a fiinction of temperature. 
• Holborn and Otto, 1925; O Whalley, 
Lupien and Schneider, 1963. 



Fig. 4 — The second viriai ocefficiont B(T) 
of Noon plotted as a function of temper- 
nture. • Michels, Wassenaar and Louwerse, 
1960; O Holborn aixd Otto, 1926. 
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Fig. 6. — The second virial coefficient B{2') of Krypto^ plotted as a function of temperature. 

• Beattie, Brierley and Barriault, 1962; O WhaWey and Schneider, 1964. 

CONCLUSIONS 

In order to have a more realistic representation of the interjnolecixlar potentia], 
the combination of the Morse potential, molecular beam scattering data and the 
use of second virial data is found to give fairly satisfactory results. It will be 
interesting to calculate other properties with this hybrid potential. 
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ABSTRACT. Tho valuoa of tho dielertrio constants have boon doterminod experi- 
mentally by a method described in on earlier paper. The values of tho force constant K 
have boon ovnluatcd and compared with other determinations and have been further utilized 
to compute (tohesive energies, compressibilities and rt^ststrahleu fre(|uencies. For cohesive 
energies both exponential and inverse power models have bt'on nssumed. The ii.greomont with 
experimental values and also with other determinations is reasouable and the analysis presents 
a simple and adecpiato approacli. 


I N T K O D U 0 T I O N 

The study of dielectric propertied! of any material gives the information about 
the atomic and molecular structure and also about variouj properties such as 
eoinprossibilities, reststrahlcn frccjucncios. Therei'ore, dielectric constants have 
been ineasurod as functions of densities and of temperatures in substances of 
.various typ<!8 : pure substances in gas, liqiid or soJid form; solutions; mixtures 
of solid particles with other solid partiede and so on. The variation with frequency 
has also betm studied over the whole spectrum from static fields through the radio 
and infra red frequencies to the optical region. 

In the present paper we have measured the dielectric constants of alkali 
halide crystals at radio frequency (ir,.6MC/S) using the method of mixtures. 
Experimental technique was based on the method of Hartshorn and Ward (1936) 
used earlier for vegetable oils by Sharma (I960). 

Wiener (1910) has develoiwd a formula taking into account the geometrical 
shape of the particles and their influence on the clistributu)ii of electric field, 
because the dielectric tnmstant ef crystalline powder depends also on the size and 

shape ol the particles. Fricke (1924) has modified Wiener’s formula and this 
modified formula has been ustxl by uh, 

feince compressibility and rcststrahlen frequency of a crystal are related to 
the dielectric constant and therefore they can be evaluated theoretically. Further, 
the force constant can also be evaluated with its help and if the law of interaction 
18 known, the interaction energies can also be computed. Dielectric constant data 
obtained expenmentally has been treated for these properties. 


78 



Measurement of Dielectric Properties of Metal Halides 79 


THEORY 


Wiener (1910) derived an equation for cfl^culating the dielectric constant of 
mixtures by introdu ‘ing a constant which dej^nds on the geometrical shape of 
the particles. He realized that in a continuoi^ medium the geometrical shape of 
the dispersed particles might influence the diltribution of the electric field and 
consequently the dielectric constant of the B|ixturo. He derived the following 
formula for calculating the dielectric constant fef a mixture : 







... ( 1 ) 


where and f 2 are the dielectric constants of the mixture and the two compo- 

nents respectively, v^., V 2 are the volume ratios of the two components to that of 
the whole mixture ^ constant depending on the shape of the 

particles. But it was found that equation ( 1 ) will hold only for spheres isotropically 
arranged in a uniform field. 

Fricke (1924) has derived a formula for the case of a mixture when one compo- 
nent is disperstnl in the other, the latter medium being continuous and homo- 
geneous. Fricke foriuiila is given by the relation 

= Vi(e^-e^)l{F.^+V€z) ... ( 2 ) 

where n is a factor depending on e^, and the shape of the particles. At radio 
frequencies and are complex quantities and u is also complex. Since u is 
unknown for crystalline particles, it is diflScidt to solve equation (2) for Cj. 

To avoid such compli(?ations, we have used in the present study crystal pow- 
ders and binding medium of negligible loss. Liquid paraffin has been used as the 
binding medium. 


DETERMINATION OF THE VALUE OF ti 

Fricke ’s equation fV)r has been solved for by the method of Burton and 
Turnbull (1937) as moflified by Pradhan and Gupta (1960). The method consists 
of plotting (€,^*~-e 2 )/(e^,+^^^ 2 ) against v (volume fraction of crystal powder in mixture) 
on a log log graph paper for several assumed values of u (near about 2). The 
tangents of each line wore evaluatecl, and by plotting u against the tangents 
obtained, a smooth curve was obtained. The value of u corresponding to a line 
giving the value of the tangent equal to unity was obtained. Now using this 
value of Uy a straight line graph between (%— V was drawn on a 
log log graph paper (Fig. 1) and the straight line was interpolated to Vj ~ 0.1. 
This value of (em-^' 2 Wm+'^ 2 ) ^ value for 

Vj = 1 on multiplying by 10, 
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Fig. 1. Fractional volume of particles. 


Now at Vi = 1, becomes €i and we have 


1— a? 


( 3 ) 


where 


(for ., = 0.1). 

ME ASUBEMENTS AND RESULTS 

Hartshorn’s method for the measurement of permittivity and power factor 
of dielectrics at radio frequencies from 10 KC/S to 100 MC/8 was employed. The 
method involves capacitance variation in a tuned circuit, a thermionic voltmeter 
being employed as a detector of resonance. The basic information for measuring 
the above parameters has been discussed in detail by Sharma (1960). Since the 
size and shape of the samples are of utmost importance for obtaining accurate 
results, mixtures were carefully prepared. The crystal powders were ground^ 
in a mortar and were filtered through a mesh (1000 B.S.). The filtered particles 
'mn supposed to be of the same size. These crystal particles were mixed with 
liquid paraffin in known percentages. The mixtures were stirred well and samples 
of required size were made. Dielectric constants of mixtures thus measured at 
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different concentrations are given in Table I. :From this the dielectric constants 
of alkali halides were evaluated by the methodHescribed in the preceding section. 
They are given in Table HI. The constant |u9ed for obtaining these dielectric 
constants are given in Table II. ^ 


TABLE I 

Dielectric constant of mixtures at r^io frequency (15.6MC/S) 


Crystal 



Concentrayon of Salt 


6 

10 

2(| 

30 

40 

LiF 

2.340 

2.600 

2.8« 

3.226 

3.677 

LiCl 

2.356 

2.620 

2.8(» 

3.316 

3.819 

LiBr 

2.348 

2.609 

2.86i4 

3.286 

3.792 

LilJ 

2.360 

2.608 

2.8«1 

3.274 

3.762 

NaCl 

2.317 

2.436 

2.687 

2.963 

3.260 

NaBr 

2.318 

2.440 

2.690 

2.984 

3.294 

Nal 

2.326 

2.468 

2,737 

3.049 

3.396 

KCl 

2.294 

2.389 

2.586 

2.797 

3.019 

KBr 

2.296 

2.392 

2.596 

2.812 

3.043 

KI 

2.299 

2.398 

2.611 

2.839 

3.086 


TABLE II 


Values of u and x for alkali halide crystals 


C'ry 

Htal 

LiP 

LiCl 

LiBr 

LiT 

NaCl 

NaBr 

Nal 

KCl 

KBr 

KI 

u 

1.12 

1 .04 

0.83 

0.91 

1.66 

1.56 

1.41 

].01 

1.76 

1.60 

X 

0.60 

0.66 

0.71 

0.68 

0.38 

0.41 

0.46 

0.28 

0.30 

0.33 


TABLE III 

Dielectric constants of alkali halide crystals at 16.6 MC/S 

Crystal 

Present 

work 

Pradhan 

and 

Gupta 

(1960) 

Bom 

and 

Huang 

(1964) 

von 

Hippel 

(1964) 

International 

Critical 

Tables 

(1929) 

LiF 

9.20 

.... 

9.27 

.... 

.... 

Lia 

11.00 

• • . . 

.... 


.... 

LiBp 

11.92 

.... 

.... 

.... 

.... 

Lil 

11.02 

.... 

— 

— 

.... 

NaCl 

5.84 

6.86 

6.62 

6.90 

6.90 

NaBr 

6.04 

6.10 

6.99 

.... 

.... 

Nalj 

6.70 

6.72 

6.60 

— 

— 

KCll 

4.73 

4.77 

4.68 

.... 

6.03 

KBr 

4.86 

4.88 

4.78 

4.90 

5.10 

KI 

6.07 

6.09 

4.94 


, 6.40 
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C!OR RELATION OF DIELECTRIC CONSTANT WITH 
OTHER PROPERTIES 

Tli(‘ (lioloc‘tri(* properties of ionie crystals are intimately connected with 
tlu‘ t ()nipr(*HKibilitu^8, reststrahlen frequentiios and cohesive energies. The ions in 
the crystal may be regarded as held in their respective positions by (1) the elec^ 
trostatic forcoK between the charges carried by tlieni and (2) by forces such as the 
font’s of repulsion, the van dor Waals forces and also the homopolar interaction 
forces if any. In view of the spherical symmetry of the ions, both (1) and (2) 
types of forces are regarded to be central. 

The potential energy E{r) of the crystal per pair of ions can be written as 

F4r)^ -~-+(l>{r) ... (4) 

>vhere a is the Marlelung constant. (f>(r) contains all the rest of the energy which 

0t€^ 

is not contained in the electrostatic term . 

T 

There are various expressions for ^(r). Born assumes the form 

^(r) =r /? ... (5) 

considering only the repulsion interaction between any two neighbouring ions 
separated by a distance r, whereas the form 

^5(r) =- ... (6) 

has also been proposed. Equations (5) and (6) do not take into account the 
van der Waals forces or forces of homopolar character. Usually, the latter forces 
are not strong enough and can be neglected, but the former, that is the van der 
Waals forces may be quite important and should be taken into account, as is indi- 
cated by an analysis of the available data on dielectric and other properties of 
crystals by Hardy (1961), Cubicciotti (1959) and Huggins (1937). 

Hence the equations (5) and (6) take the form 

... (7) 

and 


Equation (8) is known as Lennard- Jones interaction form with empirical values 
for the index n. Eowler (1955) using n = 9] attempts to explain the various 
properties of crystals, whereas n = 12 has been more popular and successful 
in explaining the data on liquids and gases and in a few cases of solids. For ionic 
crystals it is found that n < 12 is more suitable for lighter salts whereas ^ = 12 
is more appropriate for heavier ones as shown by Sharma and Madan (1904). 
Nevertheless, as has been assumed for liquids and gases, for a uniBed approach, 
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one can reasonably assume » = 12 for the data analysis of a number of pro- 
perties of crystals also. In the present discussion we have considered equa- 
tion (7) and equation (8) in which w = 12. ( 

If the lattice formed by one type of ion^is displaced with reference to the 
lattice of other type of ions by a smaller dist|nce r, then the potential energy of 
the deformed crystal per pair of ions can be Expressed as a power series in r, in 
which terms involving odd powers of r vdll absent as shown by Krishnan and 
Roy (1951). { 

The coefficient of which we denote bj a' will determine the reststrahlen 
frequency of the crystal. ^ 

Relation between the force constants uijfed by Born and Huang (1954) and 
Krishnan and Roy (1951) is given by 

K ^2 

where 

^ ^ ( 9 ) 

There is no contribution of the electrostatic interaction to the term and <6(r) 
as given by either equation (7) or (8), as the case may hi\ 

If we consider a uniformly polarized sphere in the absence of an external 
electric field, the only forces acting are due to the <^(r) term as shown by Szigeti 
(1951), the Lorentz effective field F being ecpial to zero, and wc (;an write a relation 
connecting K and the compressibility as 




Su 


... ( 10 ) 


where u is the volume occupied by an ion pair. Equation (10) for NaCl struc 
ture becomes 


K = 


6r 

A* 


( 11 ) 


The force constant K, when jP ~ 0, is connected with the reststrahlen frequency 
cog as 


K = 


,4-2 




( 12 ) 


where e and are the static and high frequency dielectric cc^nstants and m is 
the reduced -mass. Krishnan and Roy (1951) treated this problem in a slightly 
different way. As a result of lattice displacement, there is a development of a 
homogeneous electric polarization in the crystal and the value of force coeffi- 
cient, Ky instead of being only due to ^r) term will be le^ by an amount 
proportional to the force due to the polarization field. 
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From the polarization, the contribution to the force coefficient wHi be 

2az——pNe^. ••• 


The total force coefficient will then be 

2 a = 2 «i+2 = mwo*. 


... ( 14 ) 


ThanJfoiv, 

= 2 a, = mwo*- 2 Oj. ••• 0-^) 

Utilizing the experimentally determined values of the dielectric constant e, we 
cah evriuate the force coefficient K, provided wc know the reststrahlen frequency 
< 0 ^, This in turn will enable a determination of the interaction energy of the 
undeformed crystal as well as its compressibility. The expressions for the inter- 
action energy will depend on whether we are using equation (8) or (7), They are 
obthinod by using relation (9) and are respectively, 


and 


Uo 


44 


( 


ii:_44 -j -34 



Ih 


Uo-2p 




... (16) 


... (IT) 


The values of and K (from equations 15 and 12) thus computed are given in 
Table IV(A) and V respectively, where they have been compared with other deter- 
minations as well. Tlie values of ,(from equations 16 and 17) are given in 
Table VI. 


TABLE IV(A) 

Calculated and experimental values of compressibilities from 
various Determinations 




Compressibilities ia IO -12 Cm3 /dyne. 


Crystal 

Experimental 

Oubicciotti 

(1959) 

From 

equation 

(11) 

Using Equation 
(15) and (Jq 
E xperimental 

Using 
Equations 
(18) and (16) 

LiF 

1.43 

1.53 

1,49 

1.33 

NaCl 

3.97 

4.16 

3.88 

4.09 

NaBr 

4,75 

5.48 

4,86 

4.08 

Nal 

6.21 

7.02 

6.50 

7,19 

KOI 

5.60 

5.27 

5.04 

5«08 

KBr 

6.45 

5.29 

6.96 

6.06 

Kr 

g.07 

9.25 

7.00 

7.86 
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TABLE IV(B) 

Calculated and observed values of reststrahlen frequencies and 
dielectric constaj^t 

— — ' I ■ 

Reststrahlen Frequency XlO-is/jec. Dielectric Constant 


Crystal 

Bom 

and 

Huang 

(1954) 

Krishnan 

and 

Boy 

(1959) 

Using 

P Experi- 
mental and 
Equ. (12) 

Using \ 
fi Expert 
mental a|id 
Equ. (1$) 

t' 

i 

1 

Using 
Equ. (18) 
and e 
Experi- 
mental 

Born 

and 

Huang 

(1954) 

Using 
Equations 
(11) and 
(12) 

LiF 

5.78 

5.28 

5.92 

Z 

5.48 ' 

6.11 

9.20 

9.76 

NaCl 

3.09 

2 . 95 

3.16 

3.02 

2.92 

5.84 

6.19 

NaBr 

2.52 

2.58 

2.71 

2.58 

2.46 

6.04 

7.29 

Nal 

2.20 

2.45 

2.34 

2.30 

2.17 

6.70 

7.84 

KCl 

2.67 

2.51 

2,61 

2.47 

2.06 

4.73 

4.44 

KBr 

2.13 

2.07 

2.11 

1.97 

2.10 

4.86 

4.74 

KI 

1.85 

1.89 

1.88 

1.76 

1.80 

5.07 

5.28 


TABLE V 

Calculated values of force constants using different crystal properties 


Force Constant x 


Crystal 

From Equ. 
(12) 

From Equ. 
(15) 

From Equ. 
(11) and 
Using 

3 Experimental 

From Equ. 
(18) 

Krishnan 
and Roy 
(1951) 

LiF 

7.90 

8.10 

8.45 

9.07 

8.26 

NaCl 

4.07 

4.36 

4.26 

4.13 

4,22 

NaBr 

3.27 

3.69 

3.78 

3.60 

3.80 

Nal 

2.77 

2.99 

3.13 

2.96 

3.38 

KCl 

3.58 

3.76 

3.43 

3.72 

3.48 

KBr 

3.74 

3.32 

3.07 

3,27 

, 3.20 

Kl 

3.29 

2*79 

2.63 

2.70 

2.90 
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TABLE VI 

Oomparinon of observed and calculated values of cohesive energies in 

K Cal/mole. 


Crystal 

Expf'riinoutal 
Born and 
Huang 
(1964) 

From Equation (17) 

From Equation (16) 

Using K 
from 
Equ.(12) 

Using K 
from 
Equ.(ll) 

Using K 
from 
Equ.(18) 

Using K 
from 
Equ.(12) 

Using K 
from 
Equ.(ll) 

Using K 
from 
Eqa.(18) 

LiF 


239.4 

236.0 

232.2 

280.7 

280.0 

279.1 

NaCl 

184.7 

186.6 

184.4 

186.6 

199.2 

198.6 

199.0 

NaBr 

176.9 

177.9 

176.1 

183.1 

188.8 

187.4 

187.8 

Nal 

106.3 

166.4 

164.3 

165.5 

174.4 

173.2 

173.8 

KOI 

167.8 

169.3 

170.2 

168.6 

177.8 

178.3 

177.4 

KBr 

161.2 

159.0 

162.9 

161.7 

167.8 

170. 2 

169.5 

Kl . 

152.8 

165.2 

153.2 

152.9 

160.1 

158.7 

158.4 


Recently, data have been compiled by Cubicciotti (1959) for the compressibi- 
lity and hence oik^ could als(‘ take these experimental values of p and use them 
to evaluate K. This can then give the reststrahlen frequency using either eqi a- 
tion (12) or (15). The values of o)q thus computed are given in Table IV(B). 
Using experimental coq and experimental fly theoretical values of dielectric cons- 
tant can also be calculated. Those values of dielectric constants are given in 
Table IV(B), where they have been compared with experimental values. 

A.sfeuming that there are also local distortions present, Szigeti (1951) obtained 
an equation reflating the reststrahlen frequency and the dielectric constant, which 
is slightly different from equation (12) 

(^"~ego)/(^oo+2)2 = 47riV'(^e)2/9mV ••• (1®) 

where S is unity for Lorontz approximation. Equation (12) is obeyed better than 
equation (18) particularly for the lighter salts as shown by Hardy (1961), who has 
given a detailed discussion of the importance of relations (12) and (18). Tho 
effect of equation (18) can be seen if one uses this relation and the experimental 
€ to calculate the energy and the compressibility which can then be compared with 
the values given in Tables (VI) and IV(A) based on equation (12). 

Comparison of various values in Tables IV(^). IV(B), V and VI shows that 
there is a reasonable agreement between various values among themselves and also 
with the experimentally determined values. 

Cohesive energies calculated on the basis of exponential model are in good 
agreement with the experimental energies. Inverse power model using = 12 
gives comparatively a poor agreement. This is. to be expected because this is 
more suitable for heavier elements. Most of the ^Its considered her© are lighter 
and n < 12 will be more appropriate. 
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A comparison of various rcjststrahlen frequencies indicates that the values 
of (Oq calculated by using experimental data of compressibilities is in better agree- 
ment with the observed frequencies, thus placing confidence in the now values of 
compressibilities. | 
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8aha Institutk of Nuclear PHysics, Calcutta-9. 

[Received December 23, 1994) 

ABSTRACT. A method of solving the Boltzmann (H|uation for the distribution fiinis 
tion of eleotrons in slightly ionized argon with crossed eleidric and magnetic fields is outlined 
using Cl(»lant’s analytical approximations of the experimental data on the cross-sections for 
elastic and inelastic collisions. 'The distribution function is obtained in the presence of an 
electric field of arbitrary frequency (‘rossed wdth a constant magnetic field as w(3ll as in the 
proHimco of crossed d.c. electric and magnetic fields. 

It has been found from the plots of the electron distribution function that (i) for a given 
Ejp, tlie distribution with crossed d.c. electric and magnetic fiedds contains more low energy 
electrons than that with only d.c, electric field, and (ii) that in a given transverse magnetic 
field, the electron distribution for a higher EJp is richer in higher energy electrons than that 
for a lower value of Ejp, 


INTRODUCTION 

The problem of electron velocity distribution in a gaseous discharge has been 
the subject of investigation for many years. The knowledge of the distribution 
function is important in the study of transport plienomcna in ionized gases. 
Recently Golant (1967, 1959) has determined the electron distribution in argon 
under the influence of a high frequency field using an analytical approximation 
ot the experimental data on cross-sections of elastic and inelastic collisions of 
electrons with argon atoms. By solving the Boltzmann equation numerically 
Engelhardt and Phelps (1964) have found that the electron distribution obtained 
by them agrees satisfactoritly with that of Golant. Thus the approximations 
used in the analysis of Golant have produced no appreciable distortion in the 
resulting electron distribution. In the present communication tho method 
of Golant has been extended to obtain the electron distribution in argon in the 
presence of an electric field of arbitrary frequency crossed with a constant 

magnetic field, The case of crossed d,c. electric and magnetic fields has also 
been treated. 

♦ Now at New York University, New York. 
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Electron Velocity Distribution in Slightly, etc. 

THE ELECTRON DISTRIBUTION FUNCTION 

The electron velocity distribution fiuictioii f(v) can bo obtained by solving 
the well-known Boltzmann transport equation* In the case where tlie electrons 
are acted on simultaneously by electric and magnetic fields and wliere the electron 
density gradient is negligible, the Boltzmann equation is given by 


df. 




( 1 ) 


. j. 

where a = — - — (E is the electric; field exile rionced by the; particles), 

m ? 


= J — the electron cyclotron frequency, 
me 


and 


y,, the gradient optu'ator in the velocity spa(H', 

the change of the distribution function inthnedue to collision. 

\ Mf coll 


Expanding the distribution function f{v) in spherical harjnonics as 

/?)=/o+'''^- + ... - (2) 

V 

and substituting the expansion, retaining only first two terms, into Eq. (1) wo ob- 
tain the following ecjuations for the components of the distribution function (Allis, 
1956) 


^/o y cos d l%>\ 

^ (vh) - 


dt 


3»;2 


dv 


... ( 3 ) 


dt ' dv ° ■'* \dt /eoU 




where 


E — Eq cos ti)< 


^Eq 
7 = — - 
m 

Writing the collision terms for a slightly ionized gas following Golant (1957), 
Eqs. (3) and (4) become 
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7 OOK co/ COji, X /i — — • •• (®) 

(It Ae 

H(iro Ae is thv diffusion mean freopath for elastic collisions and A„g, the corres- 
ponding quantity for inelastic processes. The last term in Eq. (5) is dropped out 
b(dow the threshold for inelastic processes. The above form of collision terms 
have been derived on the assuiiiptions that (i) the thermal energy of the neutral 
partick^s is negligible in comparison with the average electron energy, that (ii) 
an ek'ctron loses its energy completely during an inelastic collision and that (iii) 
th<? inelaj-tic collisions do not affect the distribution symmetry. 

In the case of crossed electric and magnetic fields, with the magnetic field 
along the 2 — axis, Eq. (6) can be wTitton as 

-y^ «»8 id +6)J„, /j^ ... (6a) 

-yi/ ~^bfu= -jjiy - (6b) 


<Vu 

dt 


= - fu 


Multiplying Eq. (66) by i, adding it to Eq. (6a). and putting 

•= fi\ Vr+iYu ^ y^ 
the following equation is obtained : 


dt 




... (6c) 


... (7) 


Considering /j to be independent of time, the steady state solution of Eq. (7) 
is given by 




= vX -^4 


(0 


dv L w*+(t;/Ae— twj)* 


sin <ot-t- ^ 

<o*+(v/A,-»M4)* 


( 8 ) 


the steady state solution of Eq. (6c) yielding/,, = 0. Substituting for/, in Eq. 
(6) and taking the time average, 

t- 1. 1*^ K+V+eVV] 1 

6t»* dv lA. 5n[(«-6)(,)H»W][(‘>»+"«»)H«*/V3 / 
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Substituting w* = xuq, where % = 2eUJm, Uq being the threshold for 
inelastic processes, Eq. (9) becomes 

2 r* 1 ^ f ** Af'o . L(H(“»/^)*i:^o/(Vw*)] \ 


I u* 3a: I 


K 9x [(1 — « 6 /«)*+a;Wo/(AJw*)J[(r+{ 04 /w)®+a:Mo/(A,®Mi*)] 


d I x%\ I 


M dx 


{f)i 


Upto this point the treatment is quite genial and Eq. (10) can be solved for 
the isotropic part of the distribution function i|i any gas by udng suitable values 
of collision cross sections. Lax, Allis and Brown (1950) have obtained a similar 
equation which they have eventually treated by assuming constant collision fre- 
quency. Following Golant (1957) we assume that the collision mean freepaths 
A, and A^^^ have energy dependences given by 


V 

for x> i 

< A//* 

for 1 > iP > 0.1 

^lOA/ 

for < 0.1 

An." 

xi(x-\) 

for a: > 1 


... (11a) 


... (11b) 


where x= fj .vis the electron energy and Uq = 11.5ev is the first ionization 


potential of argon. 

Thus for the region a; > 1, Eq. (10) reduces to 


x^ Uy 4 = <>. - ( 12 ) 


3m 

~M yiXi 


[i+(i— ./»ra [ 1+ S^‘{i+(r)’+ W ]• 




where 
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Ah a < < /A tlic effor t of olastic collision is negligible in the region a; > 1 and Eq. 
(12) can l>e solved for the distribiitiou function Ux) in the region a: > 1 (Golant, 
mu) : 

/„(x) = a;-*>/^(a— ] ... (13) 

wlu‘R‘ A \/3 is th(‘ MacDonald function. An arbitrary multiplying constant is 
implied in the above solution which is obtained by normalization. 

At X “ I the distribution function /o(:r) as given in Eip (13) and its first deri- 
vative bi'come 

/„(!)--. L91/y~v«; /o'(l)//«(l)=--[0.75+0.73/ii/3] ... (14) 


In the n'gions 0.1 < x <1 and x < 0.1 it has been shown by Golant (1957) 


that tlic term involving ^ can be neglected. Thus substituting for in Eq.(lO) 
from Eqs. (li) and integrating we obtain for the region 0.1 < .r < 1 


dx I 


and 




Ic 


6®“ 


(in 


(x^-qx^q^) 


+2\/3 tan“^ 


2x — q 

yV3 



where 


( 16 ) 





The constants of integration A ami B (letorniined by matching dfjdx and /o(a:) 
at a; — 1, are given by 


A= 

[(l+y»f-fcj 


/'o(l). 


( 16 ) 


B 




(1+y)® 


a-q+q^) 


-2^/3 tan 


-it-9 

qV^ 


}] 


( 17 ) 


Similarly for the region x < 0,1 


5/o_ c [(aj+10V)*-10*fc] 
5* »* [a!+10V] 
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and 



The above expression [Eqs. (13), (15) and (IS)] give the electron distribution 
function in s lightly ionized argon in the presc^nce of an ac elocfric field of frequency 
(0 crossed with a constant magnetic field. 

In the case of a d.c. electric field (oj = 0) crossed with constant magnetic 
field, the following equation is obtained instead of Eq. (9) : 

_ d 1 5/„ 1 m 1 d / v%\ vf„ . 

' I ( V -I J ~ M dv \ A, / A„, ^ 

the factor of 1/2 in the left hand side of Eq. (9), obtained by taking the 
time average, being omitted. Tlie solutions of Eq. (9a) in tlie three energy 
regions are : 

Ux) = f I A ], X>1-, (21) 

/o(a;) = AiX—^Ai^ilx^+Bi, 0.1 < x < 1; ••• (22) 

Ux) = ~10^Cj^JxACilnx+Di. x<U.l ; ... (23) 

where 


3 


~ 4 Ya/ 

j^AY 

V'O ’ 

.1.= rrj-AU) 




6 
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0.1 

IKl 




A=/o(i)“ro(o 


0.6697 ~-5 0.5gi 

l-hg“ 


T1ioh(^ c‘xpreH8ions [Ecjs. (21), (22) and (23)] for the distribution function with 
i rosBCfl d.c. electric and magnetic fields become similar to those obtained by Golant 
(1957) for the cari^ of a.c. eh'ctric field if is replaced by co. The applicability 
of this subfcitituticn lias been pointed out by EngeJhardt and Phelps (1963) as well. 
Further it is to be noted that Eqs. (21), (22) and (23) can be obtained from E(j[s. 
(13), (15) and (18) respectively, by putting w 0 and /y/2 — 

Froiii the electron V''elocity distribution function /o(*r) one obtains then the 
electron imergy distribution function F(x) by moans of the relationship 




or 


.f !rifo{sr)dx 

0 


( 2 +) 


Plots of the electron energy difctribution function arc shown in Figs. (1) and (2) 
for scweral values of magnetic field and Ejp in the case of crossed d.c. electric 
and magnetic fields. The corresponding curves for (mly d.c. electric field arc also 
plotted in tile same figures for (comparison. 


1> 1 S C U S S T o N 

By using the cross-sections for elastic and inelastic collisions as given by 
(xolant, we hav(^ detcirmined the electron velocity distribution in argon under 
the influen(?<^ of crosstxl electric and magnetic tMds. Eqs. (13), (15) and (18) 
above give, resjiectively, the is(»tropic part of the electron distribution function f^ix) 
in the^ regions x 1 , 0.1 < x < I and x < 0.1 for an a.c. electric field crossed Avith 
a (ionstant magnetic field. For the case of crossed d.c. electric and magnetic fields 
the distribution function is given by the Eqs. (21), (22) and (23). It is evident 
fiom these equations as well as from the curves plotted in Figs. (1) and (2) that the 
presence of the magnetic field perpendicular to the electric field has altered the 
dl tribution considerably. In the low^ energy region curve 1 in Fig. 1 for zero 
magnetic field is lying below the other curves (2, 3, 4, 5 and 6) for successive 
va ues of tht- magnetic field, indicating fewer low energy electrons in the distribut- 
tion when the magnetic field is absent. Thus the application of the crossed d.c. 
electno and magnetic fields caueos an excess of low energy electrons over the 
nuni r when the electric field alone is present and the effect increases as the mag- 
ne 10 field is moreased. Our plots of the distribution function further show (Fig. 2) 
at with the increast of Ejp the distribution becomes richer in higher energy 
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Fig. L — Electron energy distribution for d.c. electric field and crossed d.c. electric and mag- 
netic fields with jEjp -- 10 V/cm. mm. Hg. and different values of the magnetic field. 
Curve 1 is for zero magnetic field and other curv(*s (2, 3, 4, 5 and 0) for successively 
increasing value of the magnetic field. 

It is interesting to note tliat the electron di{=tribution obtained by us for crossed 
d.c. electric and magnetic fields is similar to that found by Golant (1957) 
for a.c. electric field without magnetic field. The similarity arises due to the fact 
that in the parameters and ^ determining fo{x) the cyclotron frequency and 
the a.c. frequency co occur in the same place. Perhaps this similarity between 
the two distributions indicates that the mechanism of energy transfer to the elec* 
trons is similar in both the a.c. fields and the crossed d.c. electric and magnetic 
fields. 

Our derivation of the distribution function following the method of Golant 
has the limitation that the distribution function goes to infinity at a; == 0. This 
infinity is spurious, since, unless there is a point source of electrons at the origin, 
the distribution function must be finite. According to Holstein (1946) this 
spurious infinity is due to break down of basic assumptions in the derivation of 
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Fiff. 2. — Electron onorgy distribution for different values of Ejp and magnetic field. Curves : 
(1) Efp ‘ - 10 V/em.mm.Hg H = 0; (2) Ejp — 100 V/cm.mm.Hg., H = 0; (2) Efp = 
100 V/cm.mm. Hg. H - 20000; (4) Ejp - 10 V/om.mm.Hg., H — 20000. 

F(x) when ir— > 0. In particular the representation of the velocity flistribution 

function f(v) by the first two terms of the expan£-ion in Eq.(2) is incorrect when 
X < <1 . However, this is not a serious defect, since the total number of electrons 
having energy smaller than any limiting value remains finite and goes to zero 
as this limit tends to zero. Thus this would not inflrenco derivation of the 
transport co-efficients by using the distribution function. 
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GONIOMETRIC STUDY OF TERBIUM SULPHATE 
OCTAHYDRATE 

RUPENDRA KUMAR KASHYAP 
Physical Labokatotites, Acba College, Agra, India 
(Hecewed March 0 , 1063 ) 

Single crystal of Tl) 2 (So 4 ) 38 H 20 were crystallised from aqueous solution of 
the rare eartli salts in triple distilled water by slow evaporation at room tempera- 
ture. The salt was prepared from the spectroscopic pure variety of oxide of 
terbium supplied by Johnson and Matthie Co. Ltd. (London). Well formed 
crystals were sorted out and tested under a polarising microscope for checking 
any probable twining. 

A two circle goniometer used for the nK’asurements of the interfacial angles 
of the (Tystals was inodifie<l to give better and clear reflections oven from striated 
surface of the crystals and thus the labour of selecting crystals with extremely 
good faces from a large number for goniometrie purpose, was avoided. This w^aL 
achieved by introducing a now form of cross-wire ‘'A CROSSED FILAMENT 
BULB” in place of non-luminous cross-wire in the collimator. The image of this 
crossed-filamcnt formed at the telescope after reflection from the crystal surface 
was bright on a dark background (while the image of non-luminous cross was 
dark) and so could be seen and located much more prisely and easily. 

The forms represented by the crystal are orthopinacoids {KK)} and basal - 
pinacoids {001}, {101} and {111}. The normal crystallographic angles taking 
symmetry considerations and good reflections are given in Table I. The nota- 
tions for faces are according to Groth (1908) 

The faces a(lOO) and c(OOl) were chosen following Groth (1908) in case of 
Era(So4)3’8H20, and Kashyap (1963) in case of Dy2(So4)3-8H20. A stereogram 
was drawn to check the symmetry of crystal. 
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TABLE I 


No. 

Anglos btii-ween 
faoes 

Measured angles Calculated angles 

1. 

u(100):c(001) 

61 '42' 

— 

2. 

(■(001):p(101) 

4()^34' 

— 

3. 

p(10T):«-(lll) 

63°2' 

— 

4. 

a(100):r(101) 

— 

37^41' 

5. 

a(100):«;(llT) 

84''36' 

84°28' 

6. 

n(100):q(011) 

— 

76°31' 

7. 

(■.(00]):(i(011) 

— 

60‘^33' 


Tho intprfacial angles were ralcnlated by methods as given by Tutton (1922). 
These are iiieliided in Table I. 

From these values we get 


Axial Angle : (i = 180°-a(l09) : c(00l) = 180‘’-6142' = 1 18'18' 


Axial Ratios : 


c, _ sin c(00J ):f(101) _ sin 24 I ' 
a sin a(i0()):r(l6l) 8^37 41' 


0-66577 


c _ tane((K)l):y(011 ) ^ t^60 33' 
h m\ (i sin J is IS' 


- 2.0115 


a _ n r. _ 2-0115 
b^cb " 0.66577 


3.0213 


at h: c = 3.0213 : 1 : 2.0115 

It is seen that these ratios of m bt c and the value of fi agree well with 
other octahydrated isomorjihous sulphate crystals such as of Pr, Nd, Er and 
Gd (Groth, 1908) and T)y (Kashyap, 19631. 

The author is grateful to Prof. A Mookherji, D.Sc. for his kind help and guid- 
anoo in the work. 
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THE MAGIC DIBpCTlON 

T. C. Roi 

Physics Department, .Tadavpur ITniversity, Calcutta* 

(Received October w, 1904) 

Adair (1961) and Shafer et al (1963) receiiffly inatle use of the magic direction 
for the convenience of analysing the polarization data. It is our purpose 
to shoAv a few interesting properties of the parity changing term and their effects 
on this magic direction. The decay matrix element for a half spin particle with 

momentum p is proportional to 1 cr a • p without or with parity (ihange. If n is 


any direction, the polarization along ri is If however o* -p tenuis 

present it changes the I of the state keeping j and jz unaltered. To prove 
tliis we note. 


[a • p, \(Tz\^ = 0 {fe — 1, etc} 

... 0) 

so that ja; is not tampered. Also since, 


{(T-p„ o--L4-l}^ - 0 

it follows. 

... (2) 

\cr-p, ((T-i-J ])■•*] = 0 

*«• (3) 


Lv. (or • 1j~\- 1 )2 = (L-\- Jcr)^-|- 1/4 has the same eigen value (jH- for the new state. 
Further from (3) and (2), 

== (L^’+cr* L+l)cr- p^Jr = * pf—icr • p)((r • L+l)^ (4) 

But (j l J)V = L^^{<r • L-\ 1)^/ = l(l-\ 1)^H (cr— 

Hence (4) becomes, 

(j+i)V * = L^<r • pt/r—cr • p[(j+if—l{l+l)W 

or, I?(T*p^ = [2(j+*”)*- * Pf 

i.e, (cr • pijr) has I value either (l+l) or (/— 1) according as j = Is or l+$* We 
thus prove that under <r . p 
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Letter to the Editor 


or in particular, 

IPJ/I etc. 

Now tlio magics direction. ?n is such that p bisects the angle between m and n i.e. 


m ==:: — n-|-2(n * p)p 


The polarisation along m for {c • p^/r) is, 


<ilr(T ' p (T * m cr * 


— KiJ/cr • pa • [— 2(n • p)p] a • ptjf 
~<}Jfa • nijr 


which shows that the percentage of jiolarization along magic direction m for 
1^1 j^> wlien it is 100% polarized along n is the same as the percentage 

oi polarization along 7i for when it is 100% polarized along m and 

vice versa. This result is nicely imnl by Shafer et al 


A 0 K N O W J. E 1) G E M K N T 

1 take this opportunity to tliank Prof. J. J. Saknrai of Enrico Fermi 
Institute of Theoretical Physics hoin I im^t in Bangalore Summer School of 
Theoretical Physicis and Dr. P. Roy of Calcutta University. 
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Adair, K. 1961, Eerie wa q/ Modern Phyttics $ 3 , 406. 
Schafer T, et al 1963, Pkya. Pev, LeUera 10 , 206. 
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PROPERTIES OF ARTIFICIiL DIELECTRICS 
AT RADIO FReAjENCY 

S. S. GUPTA AND M. Nl SHAEMA 


Depabtmknt op Physios, Lucknow University, Faicknow 
[Received %hdy 5, fc63) 

ABSTRACT. Dielectric constants and loss ten»nts of several metal powder artificial 
dielectrics have boon determined in th(3 radio froqnei|jy region 126 Kc/s. The results thus 
obtained have been utilised for the calculation of diolAtric oondn<^tivitiofl. The results show 
that amongst the artificial dielectrics studied, tho antitoony dielecirics hrvo greater dielectric 
constants while their loss tangents arc smallest. Those characteristics of antimony dielectrics 
shall bo of special advantage wherever tho artificial dielectrics are to bo usod. 


INTRODUCTION 


Tho developmont of the artificial dielectrics has been the subject of much 
theoretical and experimental investigations during the past few years. For 
obvious reason artificial dielectrics play an important role in the development of 
modern electronic engineering. Kelly (1963) measured the dielectric properties 
of metal powders in paraffin wax using microwave technique. Vogan (1952), 
Negebauer (1952), Peppiatt (1953), Meyer et aL (1956) and Mikaelian (1955) have 
reported on the same type of work. Tho dielectric properties of such a media are 
affected by (a) volume fraction of the metal powder (b) size and shape of metal 
particles (c) binding medium and (d) frequency of operation. Recently Pradhan 
and Gupta (1961) have shown that the effective dielectric constant also depends 
on the elemental spacing distribution and size distribution of particles. The 
effects of binding medium and frequency of operation are not of much importance 
and the relation between tho two can bo given as. 


K,f^^KF(a) 


... ( 1 ) 


where F(a) is an algebric function of a, the polarizability of metal particles. It 
means that the effective dielectric constant of medium is directly propor- 
tional to that of vehicle medium (K), Tho frequency dependence on dielectric 
constant shall occur if the Debye’s (1909) condition 


a 


^0 

7.256 


( 2 ) 


is satisfied by the particle size; a being the semi-major axis of the particles and 
Aq is the wavelength in meters. For all practical purposes Aq corresponds to sub- 
millimeter region. 
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Th(> proHent work was uiiflertaken with a view to observe the effects and suit- 
a])ility of those artificial dielectrics at radio frequencies. 

EXPERIMENTAL PROCEDURE 

Paraffin wax (a = 2.25 andt an ^ = 0.0002) used as the binding medium; 
was melted and metal powder was poured into this molten wax and the mixture 
was stirred until it is solidified. This solid mixture was cooled to a sufficiently low 
tompt>raturo with the help of a freezing mixture, the mass getting quite crisp, 
it was rediKK^d to fine po^^^der and then dessicated for 36 hours. The fine powder 
was put into a specially designed brass cast (Fig. 1) which was slowly heated from 



Eig. 1. Cost for moulding the samples. 

outside. The speciaUy designed cast is capable of exerting heavy pressure to the 
mixture, thus providing a sample free of air and giving a definite shape to it. It 
was then cooled and the sample taken out. Samples thus moulded were cut to 
desired thickness. The technique provided samples having homogeneous distri- 
bution of metal particles. 
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Exact percentage of metal powders in different samples were determined as 
follows : \ 


The sample was dissolved in hot liquid pafaffin oil and centrifuged, the solid 
mass was then further dissolved in benzene, fibred and dried. The process was 
repeated twice, the mass of metal powder wa| weighed and the percentage cal- 
culated. I 

Hartshorn’s (Hartshorn and Ward, 1936| method for the measurement of 
dielectric constant and loss tangent at radio ^quencies was used. The adjust- 
ments were made by means of two micromotcrlDondensers, one being a plate con- 
denser in which the sample was inserted and|bther the cylindrical condenser of 
linear law and of very small range, which solved to measure the sharpness of 
resonance. Both permittivity and power factor could be obtained as the ratio 
of the capacitance readings, frequency is not involved in their calculation. 


The dielectric constants and loss tangents of different samples were determined 
at 126 Kc/s as described in detail by Sharma (1960), Pradhan and Sharma (1960) 
and Sharma and Gupta (1963). 

The dielectric constant K of a, solid sample is given by 




s.eCst 

r2 


(3) 


where Cg is capacitance of the sample in t is the thickness of tlie sample and 
r is the radius of electrodes (2.6 cms.). 

The loss tangent is given by 


tan 5 = 


' 2Cg 


... (4) 


where AC?i is the capacitance change corresponding to half of the maximum deflec- 
tion with sample in between the two copper electrodes and ACq is the (sapacitance 
change corresponding to half of the maximum deflection without the sample. 
Dielectric conductivities were calculated by the following formula 

<T = 0.0063024 ... (6) 


where wavelength A is in meters. 


RESULTS AND DISCUSSIONS 

Figs. (2) and (3) and Tables I and 11 show the variation of dielectric constants 
and loss tangents of copper, antimony, zinc and calcium metal powder artificial 
dielectrics. ' 

Microscopic examination of these metal particles showed that copper and 
antimony particles have irregular form (20/e x 10/e x 7/e on average for copper and 
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6/1 X 3// X 2/1 for antimony) and zinc and calcium particles have the form of spheres. 
As the polarizability of sphere is minimum because of the smallest surface area for 
a given volume, it is expected that copper and antimony dielectric shall have a 
Jiigher flielectric constant as compared to zinc and calcium dielectrics tor the same 

20 



009 aiO 0.19 0.20 0.29 0.90 

Volume fraction of metal. 

Fig. 2. Variation of dielectric constant of metal powder artificial dielcotrlos 

with concentration. 



Fig. 8. Variation of Iobb tangent 8 of metal powder artificial dielectrics with 
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TABLE I 


Variation of dielectric constant of Meta||i powder artificial dielectrics with 

concentration 


Copper 

Antimony 

Zinc 

Calcium 

Fractional 

Volume 

K 

Fractional 

Volume 

^ 1 

lotion al 
rolumo 

K 

Fractional 

Volume K 

0.021 

0.048 

3.066 

4.182 

0.025 

0.062 

2.801 i 

3.200 1 

L0.038 

1 0.060 

2.916 

3.300 

0.060 

0.086 

2.772 

2.864 

0.096 

7.600 

0.107 

4.620 1 

^0.083. 

3.660 

O.lOl 

2.990 

0.154 

13.570 

0.138 

5.580 \ 

U.140 

6.305 

0.180 

3.715 

0.104 

14.990 

0.204 

7.780 i 

, 0.209 

7.496 

0.263 

6.376 




TABLE II 




Variation of loss tangent of metal powder atrificial dielectrics 

concentration 

with 

(Copper 

Antimony 

Zinc 

Calcium 

Fractional 

Volttme 

tan 

S X lO'i 

Fractional 

Volume 

tan Fractional 

S X 104 Voltimo 

tan 

S Xl04 

Fractional 

Volume 

tan 

8 X 104 

0.021 

3.480 

0.025 

3.473 

0.038 

22.400 

0.069 

152.660 

0.048 

7.660 

0.062 

4.100 

0.060 

39.390 

0.086 

195.000 

0.096 

23 . 860 

0,107 

8.210 

0.083 

61.200 

0.101 

236.320 

0.164 

63.340 

0.138 

10.560 

0.140 

144.800 

0.180 

462.200 

0.164 

60.790 

0.204 

20.040 

0.209 

234.200 

0.263 

632.700 


TABLE III 

Variation of dielectric conductivity of metal powder artificial dielectrics 

with concentration 

Copper Antimony Zinc Calcium 


Fractional 

Volume 

or X 103 
(mhos/ 
metre) 

Fractional 

Volume 

(7X103 

(mhos/ 

metre) 

Fractional 

Volume 

<7 X 103 
(mhos/ 
metre) 

Fractional 

Volume 

C7 X 10» 
(mhos/ 
metre) 

0.021 

7.461 

0.026 

6.812 

0.038 

46.671 

0.069 

296.760 

0.048 

23.372 

0.062 

0.203 

0.060 

90.844 

0.086 

390.610 

0.096 

126.770 

0.107 

26.430 

0.083 

152340 

0.101 

494.080 

0.164 

606.070 

0.138 

41.263 

0.140 

637.280 

d.180 

1174.600 

0.164 

637.240 

0.204 

108.990 

0.209 

1227.600 

0.263 

2378.600 
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Vdluine fraction. The investigations verify this. Tho experimental results on 
(^oppiT, antimony, zinc and calcitum show that the antimony dielectrics have 
minimum loss for a given volume fraction than others and still have got greater 
values of diel(M;tric (ionstant than for zinc and oalemm. From the variation 
curves for tlio dielectric constants and the losses it can be suggested that the 
antimony dielectrics are best suited for any work wherever the artificial dielec- 
trics are to bo used. 

Lot us consider the case of antimony in detail. On calculating ( — ) 

{ ^ fjN == constant, the volume fraction for spheres} from the Clausius-Mossotti 
relation 


jfiLg-f’A 3 \ 6 q/ 


... (6) 


and plotting it against the fractional volume (Fig. 4.), it was found that the two 
have linear relationsliip, pointing out that tho polarizability remains constant 
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Fig. 4. Palarisability of antimony and copper parlioles from Clausius-Mossotti relation. 


even at higher volumes although it should have increased due to the agglomera- 
tion. The investigations point out that there is no agglomeration in this case. 
At first sight one would think that this result has been obtained just per chance; 
but this view was obviated by repeated investigations on samples made afresh. 
Authors have not been able to find out suitable interpretation why the agglomera- 
tion does not take place in case of antimony. One can however suggest that the 
inter particle force between Sb— Sb is possibly smaller than the binding i^tem. 
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Polarizability, thus found for antimony is five times greater than that of the 
sphere and remains constant. It implies, liierofore that the shape of those parti- 
cles on the average remains unchanged ev^n at higher volume fractions (36%) 
and the dielectric constant of antimony die|ictric can be calculated theoretically. 
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AN ANALYSIS OF THE J-PHENOMENON IN 
SCATTERED X-RAYS 
Part II 

HIRRNDRA KUMAR PAL* 

Department of Pure Physics, Calcutta University, Calcutta 
{Received, Novemh^,r 11, 1964) 

ABSTRACT. Sturtiug with Btirklu’s idea of ‘radiatiori-atmosiphero’, whore the different 
eoriHtituenlH of UotorogeneouH X-rays are considered as an integrated whole and taking into 
ai-eount tlie various effects due to (i) Compton scattering, (ii) intorfereuco of the aeattered 
ratiiations (predominantly in the forward dire(’tion), (iii) absorption of the various constituonts 
of the b(;am, (iv) narrowTioss of the primary beam in contrast "with the width of the 8(*attered 
beam, and (v) ionization prodiK^ed by the radiations recioived in tho ionization chambers, a 
iheorotic-al aiuilysis has btuHi given to explain, und(*T snitable conditions, most of the experi- 
mental results of Baikla mid Khastgir (1925-27), both cjualitatively and cjuaniitativoly, on 
the comparative sl-udy of the primary and the scattered beams of beterogtaieous X-rays, 
(i) wIk'h both the beams were filtered through the same increasing thickness of an absorbing 
mat(U'ial for a given average wavelength of the primary beam and (ii) when both tho beams 
were (a) uuintorci^pted and (b) intercepted by the same thickness of an absorbing material over 
a wide range of average waveUmgtbs of the primary beam. The laws of the J-phenomenon 
formulated by Barkla have thus lieon tlu'oroiically justified under certain conditions. Barkla’s 
concept of diacrot'O ‘levids’ of X-ray ac/tivity associated with tho ./-phenomenon has not 
been considered in tlio present analysis, 

INTRODUCTION 

III a previous paper the writer (Pal, 1964) published an account of his analysis 
of tho t/-phenomenon in relation to a single beam of X-rays, irrespective of its 
genesis. Following Barkla’s idea of ‘radiation-atmosphere’, a heterogeneous 
beam of X-rays was taken as an integrated whole and the average mass-absorption 
coefficient of the heterogeneous beam was considered more fundamental than the 
individual wavelengths. On this basis a consistent and comprehensive inter- 
pretation of the main features of tho phenomenon, as had been observed by Barkla 
(1025) was given. The present paper attempts an analytical survey of some other 
aspects of the same phenomenon, which were revealed by a comparative study of 
two heterogeneous beams of X-rays, chosen out of a primary beam and the same 
scattered at different angles. In the experimental procedure, this problem was 
approached from two different directions, as briefly outlined below : 

1 . Keeping tho penetrating power of the incident primary beam constant, 

♦Present Address, A-91, H. B, Town, P.O. Sodpur, 24 Pargonas, W. B, 

108 



Analysis of ihe J -Phenomenon in Scattered X-Rays 109 


(a) 


(b) 


the scattered beam was observed fit a particular angle <f> between 
the incident and the scattered learns by intercepting both these 
beams with an equal thickness an absorbing substance (such 
as Al, Cu, Ag and Sn) and thefeafter receiving the transmitted 
beams into two similar ionization “ ’ 


(S'/P') in tlie two chambers for the 
was found and plotted against tl 

the scattered beam at a certain ai 
the beam scattered at an angle 
plotted against the intercepting tl 


ihambers, the ratio of ionizations 
cattered and the primary beams 
kness x, 

e 0 was similarly (jompared with 
r 90° and the ratio of ionizations 
icknoss x. 


2. The penetrating power of the incident primary beam was progressively 
increased and for each penetrating power tlic primary iieam was compared witla 
the beam, scattered in any direction 0, first^ when both the beams were uninter- 
cepted and later, when both the beams were simultaneously intercepted by sheets 
of a definite thickness of some particular absorbing substance. The ratios of 
ionizations, S/P for the unintercepted and aSI'/P' for the intercepted beams were 
determined as in 1. These ratios or their percentage difference was plotted against 


the corresponding primary mass-absorption coefficient ^ j in aluminium, 
results furnished by those experiments may be summarised as follows : 


The 


I. The primary and the scattered beams of heterogeneous X-rays 
or the two beams of heterogeneous X-rays scattered in different direc- 
tions have either (i) the same absorbability or (ii) a markedly different 
absorbability, when measured in a particular absorbing substance. 
This can be expressed as : 


== 0. or a, or 6, or c,, 

where are constants and the subscripts 1 and 2 refer to the 

primary and the scattered beams or to the scattered beams proceeding 
in two different directions. 

II. A transition from (i) to (ii) in I is possible, under certain conditions, 
revealing thereby certain discontinuities. 

III. When a difference appears in the absorbabilities of the primary and 
the scattered beams, the percentage difference is independent of the 
angle of scattering and also of the mass — absorption coefficient of 
the primary beam. 

IV. The position of the discontinuity, when observed appears to depend 
slightly on the material of the absorbing substance. 

These are the laws of the J -phenomenon as had been formulated by Barkla. 
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Tho ('experimental results on the comparative study of progressive filtering of 
primary and tlie scattered beams of heterogeneous X-rays further revealed certain 
anomalous features. These are : 

(a) When tho scattered beam is different from tho primary when measured 
in certain substances, its absorbability may be and frequently is precisely the same 
as that of tho primary beam when measured in certain other substances. 

(b) Even after transmission through substances which show the difference 
botwe(m the primary and the scattered beams, there is still no difference between 
the two, when measured in certain other substances. 

In the present paper, an attemi)t has been made to give an analysis of the 
experimental results on the comparative study of the above mentioned two 
heterogeneous beams and to offer a satisfactory explanation of most of tho 
observed features by taking into account tho various factors which are known 
to produce their respective effects on tho ultimate observations. We shall refer 
to the oxperi -mental results which had been published by C. G. Barkla and S. R. 
Khastgir 1925b), 26b, 27) 

BACKGROUND OF THE ANALYSIS 

For a theoretical analysis of the results of experiments in question we 
have to consider four different types of problems, viz. (i) scattering, (ii) interference, 
(iii) absorption and (iv) ionization. Each of these effects is known to have a direct 
bearing on tho wavelength of the radiation concerned. 

When the X-ray beam experimented upon is hetoi’ogoneous, as in the present 
case, a theoretical approach is beset with many difficulties. For example, a spec- 
trum with a vast multitude of wavelengths has to be confronted. To make tilings 
worse, the energy-distribution function over the constituents is not known with 
certainty and is likely to vary with the tube generating the X-rays. Further, 
a part of the spectrum, towards the longer wavelength-side, is absorbed while 
traversing its various air-paths, even before reaching the measuring instruments. 
This sets an uncertain limit to the longer wavelengths in the spectrum under 
study and hence any summation-operation carried between limits, one of which 
is ill-defined, cannot bo expected to yield either comparable or reliable results. 

It is, therefore, at once obvious that such a heterogeneous complex beam of 
X-rays should, in a mathematical analysis, be best treated as an integrated whole 
without any special reference to the individual monochromatic constituents and 
thw should have an ‘average’ property which, to some extent, is measurable by 
what IS known as the ‘mass-absorption ooefiacienf. This had been frequently 
stres^ by Barkla. On the basis of this, it becomes possible to assign one wave- 
length— an average one— to tho whole beam, as though it were homogenous. 
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(i) Scattering 

According to the class^ical theory ,tho infeiisity scattered by a single ‘free* 
electron at an angle ^ with the primary beam,|s given by the wellknown equation 

Is 

where = e^//2rWc^ ^ constant | 

and Ip == Intensity of the primary beam. | 

For the whole atom, the expression is to be |iultipliod by or Z, (where Z is 
the atomic number) according as the packiifc of the electrons inside the atom 
is very close or otherwise. | 

On the quantum theory, the Compton-cl|Migc of wavelength on scattering, 
is given by — 

== ^ vers^ = vers <}> ••• (2) 


me 


and the scattering function, as given by Breit, Dirac (1926) and others can be written 
as : 


^ (l+ a' )"’ - (3) 

(The notations used in the above equations have their usual significance.) 

Our method of analysis is as follows : The heterogeneous primary beam is 
regarded as a whole and defined by an average wavelength. The scattered radia- 
tion consists of two parts, one of which is ‘modified’ and the other ‘unmodified* 
after scattering. The modified portion is assumed to follow the scattering function 
expressed in (3) and the unmodified portion, naturally that given in (1). The 
effects of interference and absorption on each of the two scattered intensities are 
then considered separately and finally the ionizations produced by the corres- 
ponding transmitted parts. These ionizations when added up give the resultant 
ionization occuring inside the ionization chamber for the scattered beam. In 
the case of the ionization in the primary chamber only the effect of absorption 
on the primary intensity as a whole is considered. 

In connection with the scattering of a heterogeneous beam of X-rays the 
Compton- change of wavelength which should be appropriately ascribed to the 
modified portion of the scattered rays is, of course, that given by (2). Such a 
change in a particular direction is always independent of the incident wavelength. 
Hence an average wavelength A, when modified, should have an average wave- 
length A+^Ap, 

As for the percentage modification (which is defined as : 100 x fraction of the 
incident intensity modified) occuring in a scattering process, it is learnt from the 
experiments of Backhurst (1934) with crystal-selected monochromatic X-rays, 
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that for very liard rays (A = 0.25 A) and light scattering atoms such as beryllium 
or carbon, the nKxJification, at = 150®, is approximately 100%. But this figure 
siewlily diniinislios cither as the wavelength or as the atomic number of the scatter- 
ing element is increased. The data for ^ ^ 90®, however, are lacking. ♦ In the 
(?asc of a hoterogoneous complex beam, wo are, of course, concerned with an average 
])ercontag(^ modification corresponding to an average wavelength. 

Let C\ represent the fraction of the incident intensity which is modified on 
being scattered at an angle so that (I — 6%) represents the corresponding fraction 
which is unmodified. Therefore,, from** (1) and (3), the modified scattered in- 
tensity in the direction (j) is given by 

Fip = KIpGip (l+cos^0) ^1+ j ^ ... (4) 

and the^ unmodified scattered intensity in the same direction 

I\ = KIp{\—G<p)(\+ ... ( 5 ) 

where K = constant. 

(ii) Interference 

The effect of interference of the scattorcKl radiations from the scattering 
electrons has boon observed to play an important rolo in determining the nature 
of results in the absorption experiments with heterogeneous scattered X-rays. 
Indeed, in course of a previous publication (Pal, 1949), the writer definitely showed 
that the ‘excess scattering’ in the forward direction, arising from interference of 
the scattered radiations, could introduce anomalies into the results even to the 
extent of concealing or refuting the Compton-effect. So far as the J-phenomenon 
is concerned, the effect of interference <loe8 not seem to have received duo consi- 
deration from the workers on the subject. Excess scattering, owing to the pre- 
ponderance of longer wavelengths in the hotorogenoous scattered beam, produces 
a general softening of this beam increasing its average wavelength. This has to 
be taken into account, remembering that the offoct increases with an increase in 
the incident wavelength or in the atomic number of the scattering element and 
with a decrease in the scattering angle ^ (Pal, 1948). 

The effect due to interference is two-fold ; There is (i) an enhancement of the 

scattered intensity and (ii) an increase in the average wavelength of the scattered 
beam. 


Although Baokhurst’e results lack in data for 90«, yet it will not be unreasonable 
to ei^ot that they are w line with those for <p = 150°. in a general way at least. 

Here we neglect the small amount of polarization that may be present in the incident 
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Let ns represent the enhancement of intensity by a factor A)} for a 

given scatterer. Let us also put: 

M, A) = (l+cosY){l^\^"(<i, A)} (6) 

Now, when (f) > 90°, the effect of intorferen^ is negligible, so that ijr = 0 and we 

got I 

/ = 1+oos®^ = 1, wh|in ^ = 90°. 

We also get /' = =|, ... ( 7 ) 

Lot the increase in the average wavelength ^ue to interference be represented by 
A<p and that produced by the Compton-effeit by so that the total increase 
in the average wavelength for the modified scattered rays is given by 

== A^-f-^A^ ,,, (8) 

and thajt for the unmodified scattered rays by A^ only. Here it is recognised that, 
strictly speaking, the contributions by interference are different for the modified 
and unmodified rays. But the difference is regarded as one of second-order small- 
ness and hence neglected. 

After interference has taken place, the intensities of the scattered radiation, 
in the direction <f>, are obtained from (4), (5) and (6), Thus for the modified part, 
we got 

r, = iir/p(7,(i+co8V)(i+ 14^(94, A+M,)) 

= jr/pc', (l+ (9) 

and for the unmodified part, 

1% ^ A/p(l-C,)(l+co820){l+^(^i, A)} 

... ( 10 ) 

(iii) Absorption 

When a heterogeneous beam of X-rays traverses a thickness x of an absorb- 
ing sheet of matter it is hardened up owing to its softer constituents being more 
readily absorbed. As x increases, (p/p) for the emergent beam decreases, so also 
its average wavelength A. The rate of variation of (p/p) cr of A, however, 
becomes smaller and smaller with an increase in till at a certain stage, this 
variation is practically indistinguishable for any further increase ^n re, so that the 
course of the (p/p, x ) — curve is then practically parallel to the a:— axi?, signifying 
that the transmitted rays have become more or less homogeneous. 
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Critical ahnorhing thickness : If two heterogeneous beams with slightly 
different penetrating powers (such as a primary and the corresponding scattered 
beam) be oacii passed through a thickness x of an absorbing material, their (p/p)- 
valuos, on emergeuc;e, should generally exhibit a difference. But as the softer of 
the two beams is absorbed in a somewhat greater proportion, the rate of fall of 
(P>Ip) with incroasing x, for the softer beam, will be steeper than that for the beam 
which is Icsfe soft. This moans that the difference ^(p/p) between them gradually 
diminislios as x increases, till for a thickness equal to or greater than a certain 
value Xcf this difference is practically indiRtinguisliable. The minimum absorbing 
thickness x which, so to say, brings down both the beams to the same level of 
absorbability, will be hereaftcir, called critical absorbing thickness 

Thus an important property of critical thickness is that, 
if Xc 

or (<5A)a. = 0 

where the subscript x signifies to transmission of each of the beams concerned 
througli an absorbing substance of thickness x. 

It is easy to see that the critical thickness for an absorber should increase 
with the hardness of the radiation and for any radiation should decrease with an 
increase in the atomic number of the absorbing clement. 

Mass-absorption coefficient : This coefficient, in the case of a monochromatic 
beam of X-rays, follow's a linear relation with A®. Thus 

^ == A+BAJ^ (12) 

where A and B are constants depending upon the material of the absorber. 

The first term A arises from the energy absorbed by recoil electrons and is 
called the scattering absorption coefficient^ and the second term B is due to the 
energy absorbed by the ejected photo-electrons and is called the ‘true absorption 
coefficient*. 

For a narrow beam of X-rays, like the primary beam, the energy absorbed 
by recoil-electrons is practically lost to the beam, whereas for a wide beam, a part 
of the scattered energy will remain lodged inside the beam and add to its intensity. 
Thus the (p/p) for a narrow beam is expected to exceed that for a wide beam. 
The scattered beam in the experiments under review was always very wide. For 
such a wide beam A in (12) would be reduced to a somewhat smaller value A\ 
The amount of reduction wotild depend on the geometry of the measuring instru- 
ment, This had actually been varified experimentally by Bachem (1923), 
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The extrapolated values of A and B for a few chemically pure* elements 
are given in the following Table I. In the 5^h column of this table, are also sup- 
plied the corresponding maximum values |)f absorbing thickness employed in 
the experiments under review, for quick rei^rence. 


TABLEh 


Absorbing 

oloment 


Range of 
wavelength 
in A.U. 


x(max.) 
in cm. 


A1 

0.2 —0.7 


• 14.1 

0.150 

Cu 

0.2 —0.4 


153 

0.009 


0.4 —0.7 


140 


Ag 

0.3 —0.4 

3.5 

551 

0.012 

0.5 - 0.6 

.5 

84.6 


8n 

0.25—0.3 

2.5 

600 

0.010 


0.3 —0.7 

? 

? 


Au 

0.25—0.55 

? 

? 

0.008 


Transmitted Intensity : In the case of a narrow monochromatic beam of 
X-rays, the transmitted intensity is givem by 

4 = /o exp( ^ To exp {-{A f ... (13) 

where is the intensity of the incident l)oam. For a wide beam A is replaced 

by^'. 

To calculate the transmitted inkaisity in the case of a heterogeneous beam, 
we have to substitute for A in (13) the average wavelength ‘L' inside the absorbing 
sheet, which is the mean of the average incident wavelength A and the average 
transmitted wavelength A*. Thus the required average is given by 

/, L = KA+A*), (since x is small) 

We shall here put : Aa = A(l-2<D) where w == w(a:, A, Z). ... (14) 

... i = i{A+A(l-2e))} 

= Ad-o.) - (IS) 

Substituting this in (13), 

J* = Ioexp{—lA+BL^)x} 

= /o[exp(-ila:)]exp(-Ba:A»(l-o))®} ... (16) 

■ — — — I . - 

♦ Traces of iTn pnritjea as aro usually present in the oonunercial varieties of the meMs 
are apt to affect the values of A and B oonsidMaWy. 
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^DiaiKirity : 

For A wo ha>vp> put : 

A^ = A(1--26>) 

/. for A+SA we write 

{A-\-SA)x — (A+<JA)(1 — 2co') 
so that when a; — 0, w = 0 and 6>' = 0 
and when x ^ co ^ const, and w' const. 

For small values of x, o and are supposed to be small compared to unity. 


Now, (A+M)^-(A+-^A)*(l~-2o>') 

= a|i + ^— 2(:o'|, (neglecting second and higher order smallness) 


and 


A^ - A(1-26>) 

(A+«A)*/A*= H ^-2(co'-«), 


(neglecting second and higher order smallness) 
Thus 


(say) 

/\^ /a. 


(17) 


(18) 


Here is called the ‘disparity ’’-term which is defined as the fractional difference 
between tho average transmitted wavelongthfc of the two beams of slightly different 
average wavelengths after passing through a certain thickness x of an absorbing 
substance. 

Also from (18) we can write 


M . 1 / , M\ 

(«"+ a ) 

Properties of q^: 

(a) . When a; = 0, w' = 0 = co == *1^ 

A 

(b) . When x 5 (M)a. = 0 (vide eqn, 11), so that 

(A+<^A)a,/Aaj = 1 and g,; = ^ 

Also 2(<o'-~to) = SA/A from (18). 

(c) When the two beams compared are equally hard 

dA = 0, 6) = (*)' from (18), = 0 

(d) For homogeneous beams, <»>' = 0 == co 


i^A 

firom (18), y, = constant 


.. (19) 
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(e) It will be sometimes necessary to know how the quantity, (g'j, • x), varies 
Mdth X* For this, we note that tliia quantity 13 always positive, having a value 0 
at a; 0 and at a: > x^. Therefore, soniewhespe botwei^n a: — 0 and x = a?<., (^a.*a;) 
has a maximum value : ; 

rf 

j-.' 

increases. For, 

when A is large, < 0 ' ^ w and when A is emall| co' > co. 

(iv) lonizfition in SOo the ionizdtion ^fiamher 

4, 

This has been found to bo proportional t# the intensity and the cube of the 
wavelength of the rays? concerned. Thus if represtmt the ionization produced 
by the radiation transmitted through a thickness x of the absorbing material, then 

-5f4A*(l-26>)* ... (20) 


(f) As A decrease's, the quantity 2(t 


\A 


whore g Constant. 

SECTION r. 

CJ O M V A R I S O N OK THE SCATTERED AND THE PRIMARY 
R A D I A T 1 O N S A CONSTANT I N C T D E N W A V E L E N G T H 
AFTER P Jl O O R E S S I V E FILTERING 

A. Evaluation of the ratio (S'/P') : 

Let S' represent the ionization produced by the scattered beam in the direiJ- 
tion ^ and P' tliat by the primary beam, after they liave traverseHl, each a thickness 
X of the absorbing material. 

Then 

S' - S', + S'. 

where the subscript 1 denotes the contribution by the modified portion of the rays 
and the subscript 2 that by the unmodified, so that 

(S'inv = (8\/P')v+iS'JP')<p 

Now, neglecting the absorption inside the scatterer (supyiosod to be light and 
thin), and making use of equations (8), (9), (10), (16), and (20) wo may write 

P' = /p[oxii ( -~Aa7;][cxp {— -RA®(1 — oi)®u;}]</oA*(l — 2co)^ 

S\ = KIpCv A+^A<p)[exp (-A'x)l 

[exp { -i?(A+ A,))»(l - w'')»a;}MA+ Ap)*( 1 -2 w")® 


and 


3 


8\ = KIp(l-CM> A)[exp(-^'a:)]. 

[exp{ — 5(A+Ay)®(l — w')®a;}]g'(A+Aj9)®(l— 2w')* 
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lis 

wliero (j. a constant in (20) corresponds to the scattered beam and g'o to the primary 
l)cani and w, w" refer to the primary beam, the unmodified scattered beam and 
the nuKlifiod scattered beam respectively. 

Thus (S\lP’)ip - K(glgo) Cf ( I -|- M, A+^/ii»)[cxp {(A-^')a;}]. 

texp 6)T-A*(1-6))»}J(A+A,)»(1-2 w'')» j 

or ( p = ifTV[exp{(A -A')x}]f(^, A){l+ J. 

j^oxp -35arA*| — (w"— to)| j ^1—3 -^ + 6(o)"— cj)|, 

putting K^gjg^ = Const, and neglecting second and higher order smallness. 

This can be approximately written as : 

(S\IP\ = A"6V[exp{(A-yl').c}J/(<6, A)[l+^! S\, -35a;A»|-^''- -{w"-w)J 

+3|^^-2(co''-<o)}] 

Proceeding similariy wc may evaluate 

+3| ~ — 2(6)'— w) |j 

Noav considering the Conjpton-change of wavelength 8A,p and the wavelength 
change due to interference we can write : 

</a 5 — 2(co''-“<o), where A^ = Ap+tfA^ (mde eqn. 8) 

A — 

or h = j(,,+ I? ) 

Now putting Pa = -^—2(6)'— 6)) 

A 

wc get -(6)'- 6)) = i(pa+ j 
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Substituting these values in the above expressions we have, 

(8\IP% = K'Cf [exp{(i4-^')»}]/(^, A) * 

i 

[l+ ^^A,-|SxA»(g,+^d^|+3(g,- )] 

and \ 

{8'ilP'h = K'(l—0^ )[exp{(^-J')a;)l|( 9 i, A) • 

I 

j+3pj,j 

I 

Adding up the above two expressions we have finally 
{S' IP'), = (S'JP'), +{S'JP’), 

= K'f{<p, A)[exp{(A-A')a:}] j^l +C^ SA, 

- J^^A3{A-+p,+C-,((q-,-p,+ 

+ ^1 2>a,~ j |j ... (21) 

B. Progressive Absorption^ (p < 90® 

From the expression (21) it is noted that the curve {8'IP')ip plotted against 
small values of should steadily slope down. For, and q^—Px (which is positive) 
diminish, while p^,x and (g^a.- Px)*'^ increase with increasing x, and the exponential 
term is nearly equal to unity, at least for aluminium and copper. This result is 
in agreement with those illustrated for <f> — 30®, 60® and 90® in Fig 4, p. 652 
Barkla and Khastgir (1926b) 

C. Progressive Absorption, <f> = 90°. 

When </> = 90°, we have / = 1, /' = 0, — 0. Taking co' = co, we got 

Pfg = 0. Putting now q^, = fg,, we write rj. — 2(co''— 6>). 

Therefore, substituting these in (21) we have 

(-87P')90» = K' [l_3(790»(^-a:A»(r„+ -r, ) }] exp{(^-A')*} 

= i:'[l-3C'90°{^®A»(r„+-^^) + (i^-r,)}+(4-A>] ... (22) 

since {A-‘A*)x is small as compared to unity. 

♦ Usually the tenns with coofficientSa? are very small compared to 'unity and can 
be neglected in equation (21). This will greatly simplify all subsequent calculations leading, 
however, to identical results, 
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Lot iiH now cjonsiflor different absorbers. Tlie following cases are considered ; 
(i) For A1 and Cii absorbers the tt^rni (A —A').x ih negligibly small, so that the 
course of the curve (>S'7P')90° plotted against small values of cr, should be des- 
t3i^ndiijg towards the right, as for ^ < 90^. 

(ii) For Ag and Sn, on the contrary, the term {A—A')-x may not be 
negligible (Vide Table I), so that it will counteract the preceding term in equation 
(1^2) and may actually balance the same within limits of exporimejital error, for a 
suitable wavelength; in which cas(; the only outstanding term on the right hand 
sid(^ of the equation is K' == Const. This means that the (S' IP')dO''—x graph 
will be a horizontal straight lino, as though the scattered radiation were ‘un- 
modified’ (Vide Eqn 31). These results are illustrated in Fig. 2.. p. 646, Barkla 
and Khastgir (1926b). 

Similar and c onfirmatory graphs for the Ag-absorber, with a small downward 
trend at the right hand side extremity^ were obtained by the present writer also, 
with radiations, A -- 0..55A and 0.60 A. With harder radiations, A = 0.46 A 
(unfiltered) and 0.38 A (filterc^l), neutralisation as above, was onl}^ partial and the 
curve sloped dowm to the tune of 1 0 and 1 5% respectively for x = 0.009 cm exactly 
as theory would have it. 

As (A— A*) St 0 for Cu, wm (tan hardly exj)ect a horizontal straight line for 
the curve )90° against x^ (except in the region of soft unmodified rays 

(C90°=^0). A1 jiiay give such a horizontal line graph but that also with radiations 
wiiich ant not modified for some reason or other. 

To explain the dual behaviour simultaiu^ously, on the part part of Sn, in the 
reference mentioned above, the infitrence that commends itself is that G 90 ® had 
changed in the process of scattering. It might also bo that the incident radiation 
(joiKJcrncd had passed through a state of instability during that particular experi- 
ment, causing a fluctuation of the hardness of the rays and therewith of O90°. 
Such a possibility, of course, cannot be ruled out, especially for gas tubes working 
continuously for a long tim(>. A fluctuation, of 090° may also be held responsible 
for the so-(^allcd ‘sub-lover in Fig. 4 of the same reference. 

The foregoing evidences led Barkla and Khastgir to hold that the same radia- 
tion could be a mcxlifiod radiation wlien tested with A1 or Cu— absorber, but 
an unmodified one wdien tested with Ag and also, sometimes modified and sometimes 
unmodified when tested with Sn. In the light of the present analysis w’’e are, 
however, inclined to the view that scattering was undoubtedly accompanied by a 
modification of the Compton-type in every case treated above and that the observed 
difference was due merely to two mutuaUy opposing tendencies at work later 
during absorption. These tendencies practically balanced each other, as a matter 
of chance, in the case of Ag and Sn; whereas, for A1 and Cu absorbers, such a 
balance w^as imposdble, the effect then being practically unilateral. Although 
a truly* unmodified radiation should mean an almost horizontal straight line 
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in many eases {Vide eqn. 31), yet the converse is not necessarily always true. 
In other words, a Compton -change of wave-length which has actually taken place 
at scattering, may not be invariably evideiit from a concomitant change in the 
absorbability of a heterogeneous scattered i^eam tested as above. 

The experiments with compound absoijiers yielded anomalous results which 
require explanation [Vide Fig, 3, p 649, Bar|la and Kliastgir (1926b). If a second 
absorber of thickness 'y' and made of a different material, be placed beliind tJie 
first, i.e. on the emergent sides of the prijpary and secondary beams, corres 
ponding additional terms have to be in1|oduced into the expression (22) to 
account for the extra absorption. Benotiii tlie two siu^cessive absorptions by 
double dashes, wo have at ^ — 90°. 

- ir'[l-3r;90“{'|>a;A»( r,+ +(Ar-A/)x 

-3r'90” 2/A^( f„+ 

... (23) 

wlu're subscripts 1 and 2 refer to the first and second absorbers respectively and 
fyy oori'esponds to the beams which pass through the se-corul absorber after trans- 
mission through the first. 

Cor. 1. If X < Xc 

^S\IP'%,y < {S'lP'U 

sincjo the quantity within each curled bracket is essentially positive ami further 
(Ai—A\yx and are small. Hence (S"/P"—x) graph lies below the 

(S'lP'^x) graph, both sloping downwards. This is illustrated for paper and paper 
pl^bs aluminium in fig. 3 C of the above reference where yj^i = 0.048 cm. 

Cor. 2. If y h very small, i.e. y 0. 
then (-SfVP")*^ = {S’IP% since 

This moans that the two ratios plotted against x, give coincident graphs ai* 
in Fig. 3A or 3B of the above reference, where x represents the running thickness 
of A1 and y the constant thickness (0.002 cm) of Ag or of Sn. In an analogous 
manner, paper and paper plus Ag.(0.002 cm.) also give concurrent graphs as in 
Pig. 3C. 

Thus if 0.002 cm. thickness of Ag or of Sn is regarded as very small for the 
purpose of absorption, the principal feature of Pig. 3. (A, B and C) can be explained 
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Cot. 3. If x ^ and y is small but not very small then also {S''IP'')x^y 
- {S'IP% -= 0, (^A90°L = and Vy - 0. [A^-A\yx and [A^-A^Yy 

are siipposcHl to l>e very small also. 

SECTION II 

COMJ^ARJSON OF THE SCATTERED RADIATIONS 
AT CONSTANT PRIMARY WAVELENGTH: ^ = 0*^ AND 

0 - 90° 

A. Evahmtifm of the ratio /i8"90° — 

Li^t S'<p ropr(\sent the ionization produced by the scattered radiation in the 
diro(;ti(>n alter it has pa.'-sod through a thioknoss ‘a:’ of an absorbing substance 
and ^>’'90° the corresponding quantity, in the direction 0=^90°. Then jR'^ = 
jS'iHr — (S'IP')f I{E'IP')90°. Substituting the values of the ratios from equa- 
tions (21) and (22) wo have, after neglecting second and liigher order smallness 

R\=^f( 9^,A) [l+O, 

- I Ba;A=>{ ^ +P..+ V, ( _C'90»(r,+ )} 

+ {v.-p.- )) ] ... (24) 

If Rip represent tlie ratio for the iinintercjcpted scattered beams its value can be 
deduced by putting a* ~ 0 in the above eqn,(24). 

Thus 

R, =/(?), A) +3{2>o+C'.(go-2>o-^ ) +C'90»(y^|^° -r„ )} ] 

Since fp =- and == +^A{ (Fifie eqn, 8). 

A ~ 

R> = /(<i. A) [ 1 +CV ^A,+3 ] ... (26) 

This gives the ratio of ionizations produced by the unintercepted scattered beams 
one of which is in the forward direction, ^ < 90®. In the backward direction, 
^ > 90°, wo liave 

/(^, A) = 1-f-cos*^ 

/' = 0 and Ay = 0(Ftde eqn. 7), so that 
Rf =» l-(- cos^^. This is same for all wavelengths. 
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This affords an easy exj>erimental test of the accnraoy of the foregoing ana- 
lysia and was verified by the writer at (j) — 150°, for wlu(^h should be equal 
to 1.75. The experimental data (Pal, 1948 aj^d 1950) in this connection, with light 
paraffin wax scatterer (for which the treatn^nt is more aptly valid), are presented 
in the following Table II. In it, the observell ratio of the ionizations in the direc- 
tions concerned, the ratio corrected for polai|zation of the incident beam and the 
ratio further corrected for the obliquity of tl|e scattered pencil are entered in the 
4th, 5th, and 6th. columns respecttively. T!|ie last colimin gives the divergence 


of each ratio 

from the moan of the ratios, t 

TABLE if 




Equiv. X 
in A.U. 

P/U* 

(2P/U) 

^ — 

Unrorro(*t^c] 

ratio 

Katio 

coiToctod 

for 

polarization 

Ratio next 
oorroctod 
for 

obliquity 

Divergonoo% 
of tlio ratio 
from the 
moan 

0.77 

0.100 

0.150 

1.79 

1.63 

1.65 

-2.3 

0.40 

0.023 

0.036 

1.745 

1.71 

1.73 

H-2.3 , 

0.44 

0.016 

0.024 

1.72 

1 .69 

1.71 

+ 1.2 

0.34 

0.017 

0.026 

1.725 

1.69 

1.71 

+ 1.2 

0.275 

0.026 

0.039 

J .705 

1.66 

1.68 

-0.6 

0.26 

0.032 

0.048 

1.69 

1.63 

1.65 

-2.3 

0.225 

0.045 

0.068 

1.65 

1.57 

1. 

59 

0.33 

0.042 

0.063 

1.72 

1.65 

1.67 

-1.2 





Moan 1 . 69 



♦ P = Planepolarizcd intensity. II = unpolarizod intensity. 

It will be noted from the above table that the corrected ratio is fairly constant, 
lying within ±2.3% of the mean value (l.(i9). The small defect of the mean ratio 
from the theoretical 1.75, may be attributed to the absorption (neglected) occuring 
inside the scatterer as also inside the thin aluminium sheet (thickness .01 cm.) 
covering the window of the ionization chamber. For full details of the (corrections 
reference may bo made to the previous papers (Pal, 1948 and 1949) published by 
the author. 

B. Progressive. Ahsorfption 

(a) In the backward direction, ^ > 90°, there is no interference and the 
equation (24) may be written down as : 

R', = (I+CO!iV) [l — ■^) — (''*■*■ ' X‘ )} 
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Wo note ill this equation that > S\qo°, Of > C'oO”, 9'* > r^; further as x 
irii:i< a,sc-s from zero, diminishes and (q^-x—r,/x) initially increases. There- 

fore li'f diiiiinislies as x iiiertvascs from zero and the curve plotted against x 
hegins to slope down towards the right. This was verified experimentally by the 
writer (Pal, 1040), for (j> -= l.W". 

(h) In tlio forward diroetion, ^5 < 90°, the graph R'f —a; may be (i) ascending, 
(ii) descending, or (iii) liorizontal, depending on the relative magnitude of the 
interference effect. 

(i) A/trsnding graph : When the effect of interference is small— as for 
liglit scatterers and short wavelc'mgths or large angle <}> — as compared with the 
Pompton short effei t. we may put /' ss 0, A|f 0 and p^i 7^ b in equation (24) 
and obtain 


-/()!.•>)[ 1 l-B J ■ xA“{ (;9n*( ,.+ "*“■ ) -(!,( 




Hero dAw > ( '90° (\^ and > r/^.. Further, m x increasos from zero, 

(^j; ' 7.r) dimiriidioK and initially increaBes. Thoreforo initially 

ineroases with x^ bo that the (‘urviJ R\ - - x is ascending towards the right. 

(ii) Descending genph : Wlien, howiiver, the effect of interfcu’once is largo — 
as for sitattenu’B of high atomic, number, long waviOengths or Kiuall angle ^ — as 
compared with the Compton effect, tlio latter may be neglected and equation 
(24) may be written down as : 

R'f I ] 

Heni as x increasoF from zero, diminishes and (Pa^^x) initially increases. There- 
fore R\ initially diminishes as x increases, so that the curve a; is descending 
towards the right. 

(iii) Horizontal graph : The condition for horizontality requires that R\ should 
be equal to 72^ for all values of x concerned. Hence equating equations (24) 
and (25) it may be deduced that : 

0 = -I X A» { ^ j -Coo^ ( r,+ j 

for all values of x. 
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Collecting the terms free from and independent of ‘a:’ and equating them to 
zero, we have 

-6’90° =^0 ... (26a) 

A A ^ 

Substituting this in the rest of the above cxj|rcssi()n which must also be equal to 
zero, we have 

a:A» ) {p„-\ 0^(q„^p^)-CW‘ rj = 0 

for all values of x. 

••• 

for all values of x concernocl. 

It is noted that the condition (26b) is identical with the condition (26a) when 

X == 0 . 

r 

Thus if the graph — x is to be horizontal, the general condition whioli 

must be satisfied is given by eqn. (26b). This relation must hold for values of x 
concerned from 0 upwards. 

Cor. 1. If is largo, the above condition reduces to 

C'90°r* 

Cor. 2. If po; — 0 (as in the backward direction) the condition (26b) can 
never be satisfied and no horizontal graph can be obtained. 

Horizontality implies a constancy of the ratio R\ i.e. = Const. 

X (S' /P')90^, Therefore, by suitably choosing the scale of reference for one set of 
ratios, the graph (S'IP')(p—x may be made to superpose exactly on the graph 
(S' I P')90^ — aJ. This is illustrated for <p = 30® and 60® in Fig. 4. p. 652. Barkla 
and Khastgir (1926b). 

All the above three varieties of the graph were obtained by the writer (Pal, 
1949), for ^ = 30® or 20®. Graph of the type (i) was yielded by carbon and paraffin 
was scatterers, of the type (iii) by filter paper and of the type (ii) by aluminium 
and sulphur, in complete accord with the theoretical results. What Barkla and 
Khastgir had recorded in Fig. 4, was but one variety which was equivalent to the 
third. The horizontal and the descending graphs had also been observed by 
Barkla and Mackenzie (1926—1926). 

The results of the types (ii) and (iii) appear to be in conflict with the Compton 
effect. But this appearance, clearly enough, is only superficial. For the nature 
of the overall result is determined essentially not by the Compton effect alone, 
but by the combination and relative magnitudes of the Compton and inter- 

ferSibe; operate upon the radiations concerned in opposite manners; 

4 
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e.g. tho scattered rays at ^ = 30° are rendered harder than those at ^ = 90°, 
due to the Compton effect, whereas the reverse is the case due to interference. 

SECTION III 

COMPARISON OF THE SCATTERED AND THE PRIMARY 
RADIATIONS FOR DIFFERENT INCIDENT 
WAVELENGTHS 

A. Evaluation of the percentage difference between the intercepted and unintercepted 
ratios 

Let the ratio of the ionizations produced by the scattered and the primary 
radiations — both uninterceptwl — be denoted by (SjP)^ and the same when both 
tho beams are intercepted by a constant thickness x of an absorber, by {S' I P')fp, 

Now, (S/P)^ can be calculated from eqn. (21) by putting a; = 0, so that 

= K’f{,f,,X) [ l+C\^ ^A,+3po 

since the quantity inside tho small bracket contained within the curled bracket 
is equal to zero. With the help of this equation and equation (21), the fractional 
difference between the ratios i.o, 

{{SIP),^{S^IP%}I(SIP), 

= [ 3l>0+ *'^*{^*’ f 

-3 {q,-p,- X ) } ] / ( ^ "^ 7 . 

^a) If a; ^ Xc *, then = 0 and q^. = 0, so that 
{{8IP),-[8'IP',,}I(8IP), =[3p,+ |Ba:A»|A^+0, 

-(A-A')x+3C, I ( l+Sp,+G,L^ SX, ) ... i27) 

At ^ = 30°, 31)0 is large compared to all other terms except 1. Hence approxi- 
mately 

mP),-{S’IP%}l{8IP), = 3po/(,l+3po) 



z« oorrespondB to (> pz) 
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A, increases as A increases. Now if we iissume that oo A, to a rough ap- 
proximation, for a small range of wavelengtl^ at least, then it is at once evident 
that the above fractional difference and hen^ the percentage difference between 
the intercepted and unintercepted ratios is ooitetant, i.e. independent of the inci- 
dent wavelength A within that range. | 

The percentage difference, when compuwd from the above, may alpo come 
out with the right order of magnitude, as the fflowing tentative example will show. 

Example : Let A = 0.6 A (which is a^roximatcly equal to the mean of 
the wavelengths employed by Barkla and KhJitgir) and A^ = 0.020 A on a modest 
estimate. Then the percentage difference b^wcen the ratios is given by : 

100 . = 300 X ( 1-3 X ) = 9%. 


This agrees exactly with that estimated by Barkla and Khastgir ^ 1962b) 
( Vide Fig. 5. p. 653) showing that the agreement is not only qualitative but may 
be quantitative as well. 

(b) Constancy of the percentage difference between the ratios for ^ = 90® 
and 60®s 

We have alreadj learnt that when the incident radiation satisfies the conditions 
expressed in (26 a) and (26b), is constant and independent of x. 

Taking the log. differential with respect to x, <J{log R\) — 0. 
or d[log{(-S7P'),/(<S7P')»0»}] = 0. 

or «[log{{S7P'),-log (8'IP’)90°}] = 0. 

or d(S'IP\l(S'P% = ${8'/P')W)°I(S'IP')90'> 

Now, considering the variation of the ratios between a: = 0 and x — x (small), 
we may rewrite the above in the form 
100[(S/P),-(iS7P'),]/(S/P)^ = 100[(af/P)90“ -(-87P')90'=]/(S/P)90» 

PiTtting ^ = 60° and 30° successively, we have 

100{(S/P)60°-(-S7P')60«} _ 100{(-S/P)90"-(iS7P')90‘’} 

(i8/P)90» " (8fP)90- 

100{{/8/P)3O»-(-Sf'P')3O<>} /90) 

(S7P)80‘* . ' 

Thus the percentage difference between the intercepted and unintercepted 
ratios for ^ == 60° and the same fot^ = 60°, are equal and each equal to the corres- 
ponding percentage difference for ^ = 30° (which has been shown to be a constant- 
independent of A through a small range of wavelengths, when x > «*). This 
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quality, of course, is vralid so long as the particular wavelength employed 
satisfies the condition (26a) i.o, 

A^4 6V<^A<p = ^A90®, for 0 = 30® and 60®. 

The other condition (26.b) is automatically satisfied on account of a; 5 .r^. 

The validity mentioned above should persist at least over a small range of 
wavelengths. For, though with a change in A the equality expressed in (26a) 
is apparently disturbed (since with an icrease in A. \ increases while and (?90® 
d(^creaso), yet any small unbalance should be counteracted and set right by a 
corresponding change in absorption occuring inside the scatterer, over that small 
range of wavelength —of the order of 0.1 A (as in Barkla and Khastgir’s experiments 
— vide Fig. 5, Barkla and Khastgir (1926b). Over this range, therefore, the per- 
centage difference between the ratios for (f> = 60° and 90® will be each equal to 
that for ^ = 30°, which is again maintained (constant (== 9%) thro\igh that range. 
This result is also in accord with Barkla’s experimental observation. 

But there is yet another point to consider. Beyond this range in question 
and on the longer wavelength-side, the equation (26a) which was previously fulfilled 
may break down owing to ^90° and C\ having rapidly fallen to a zero value at a 
particular wavelength and the scattered radiation, as a whole, becoming unmodi- 
fied thereby. In that case our above treatment and deduction fall through. To 
calculate the corresponding percentage difference of the ratios for ^ = 90°, it is 
necessary to go back to equation (27), where we have to put = A^/A = 0, = 0 

and (i4“~i4')*a; This brings down the required percentage difference to a 

zero value, which explains the zero-line graph in Fig. 5, ease A,, p. 653, Barkla and 
Khastgir (1926b). 

An analogous reasoning applies to ^ = 60°. Putting (760° =?= 0 and remem- 
bering that the interference effect for paraffin wax scatterer at this large angle, 
is small indeed, we may assess from eqn. (27) a magnitude for the percentage 
difference between the ratios at hardly above 1 or 2% which falls close to the 
limits of experimental error, thus yielding the zero-line graph again, as in the 
case of 9^ = 90° above. 

A similar argument when A is large, however, is not tenable in the case == 30®; 
for, the calculation in (28; was independent of the condition (26a). The zero-line 
graph appearing above, is therefore, missing in this case. 

The fact that the percentage difference between the ratios in (29) is equal 
to either a constant or zero, is equivalent to the law of the J-phenomenon : 

for the concerned. [See also; equations (30)* and (30(a))] 

, . ^ns may be explained, ip a gmeral way, the features of the graphs presented 
^.iKg. 6.,,p^3, Bar^d^ and Khastgir (1926b), viz. 
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(i) The double horizontal lines showing modified and unmodified scattering, 
separately for ^ = 90® and 60® and a sin^e horizontal line standing for both 
modified and unmodified scattering, for ^ |= 30®. 

(ii) The degree of modification is ind^endent of the angle of scattering ^ 
and of the original incident wavelength A (- dthin a small range) under suitable 
circumstances. 

(hi) The discontinuity (t7j) setting inai about the same wavelength (^0.6 A) 
for ^ = 90® and ^ = 60®. 

B. ScattEring af 0 = 90® and the horizontal graph (/S/P — A) for the unintercepted 
ratio 

The intercepted ratio obtained in oqn.(2|) reads as : 

= if' [ 1-3(790*1 ^ 


Putting a: = 0 the unintercepted ratio is deduced as : 

(/S/P)90° = K' * (which is a constant independent of A) (30) 


Therefore {8IP)^q plotted against A or (p/p)^!; gives a horizontal line graph agree- 
ing with Barkla and Khastgir’s observation (1927 ). — vide Figs. 1 and 2 p. 739. 

C. Ahaorption : </> = 90®. 

(a) Absorbing thickness constant and greater than critical: When 
X > (where corresponds to the smallest wavelength employed) and in addi- 
tion, the condition (26a) is fulfilled over a small range of wavelengths, we know 
from (29) that over this range 

i6o*{{8IP)9Q°-‘(S' IP')90°}I(SIP)90° = 0, say, (const.). 


* An identical result may be obtained in the case of a monochromatic beam also. For, 
we can pass over from the heterogeneous beam to the homogeneous, by putting r* =» 

This again makes (<Sf/P)90° ^ K' ^ Const. 

Regarding the heterogeneous incident spectrum as made up of a multitude pf mono- 
chromatic constituents, represented by numerical subscripts, we have at ^ 90°, 

K' « iSilPi) ^ {S,IP2) « {SnlPs) - . • 

. . « (Si+St+Si + . . . .)/(Fi-f Pa-f Ps+ . . . .) 

^ c= [SJP) 99 ° which is the same as (30), ^ 

where P^ and Sn denote actual amounts, of ionization produced by primary and scattered 
beams respectively corresponding to the n-th constituent. 



180 


Hirendra Kumar Pal 


Substituting the value of (SIP)90° = K' from (30), we have 

(S'IF)mo _ ^G/ioo] = O.OliT', ... [30(a)] 

assuming G = 9% as obtained by Barkla and Khastgir. 

Thus the intercepted ratio is also constant over the above range of wave- 
lengths, giving another horizontal line below the first, corresponding to the 
unintercepted ratio. Hero also, the percentage difference between the two ratios 
should bo the same (9% as previously) and was actually found to be so, irrespective 
of the material* of the absorber, in accordance with theory. 

There is a marked bending down of the two graphs mentioned above towards 
the left-hand side, where presumably, tho incident radiations wore those which 
were hardened more and more by progressive filtration of a certain beam. In 
this region, the relation (26a) excuses to bo valid and the ratio (S'IF)90'^ has to be 
recalculated from equation (22). Remembering that — 0 and (.4— ^0, 
we have 

(S'/POflO" = K' [i- 3C’90” (’ + f- ) J 

1—3090° - j, since ~ <<1. 

Now, as A decreases C90° incroascs. Therefore {(S'/POoD" decreases as A decreases, 
which accounts for the observed bending of tho graph for the intercepted ratio. 

(b) Absorbing thickness constant, but very small: When x is very 

(;«<»,), **, so that equation (22) becomes: 

A 

(S'IF)W = a:' [l-3C90°{Sa:A» | +(A-X0a:] 

=K' [l-a: (3(790° PA> j j 

Referring to Pig. 5., p. 744, Barkla and Khastgir (1927) and considering the 
case of Ag-absorber of thickness x = 0.006 cm., wo may form from the above, 
an estimate of the ratio (iS7-P')90® for the same. 

* A small difference — about 1 %— consistently shown by the Cu and A1 lines (interoepted) 
in fig. 1> p. 739, Barka and Khastgir (1927) may be due to the fact that (A-^A')x is equal to 0 
for Ctt and about 0.15 for A1 (neglected previously). 

** For long wavelengths. 
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Putting X = 0.006 cm., B — 84.6, iSAoo'l = 0.024A, A = 0.6A (mean value) 
and tentatively, (790® = 0.5 and alpo (A~A*\ = 0.3, one obtains 

^')4 = 0.003 (approx) 


i.e. 


X |3C90° 

(f) 90 °"" ^ abou|o.3%) 


= ( 1 ) 90 ° 

Thus the intercepted graph (aS 7P')90®4A for A<j(x = 0.006 cm) superposes 
itself on the unintercepted horizontal graph ®/P) 90 ®’~A, agreeing with the experi- 
mental observation of Barkla and Khastgir.| The appearance of the unmodified 
scattering here (see eqn. 31), is simply superfiibial and illusory for obvious reasons. 


The companion parallel straight line for A1 in the same figure being 0% 
below the unintercepted ratio— line, points to the conclusion that its thickness 
(0.15 cm) is either equal to or greater than the critical corresponding to the smallest 
wavelength concerned and that the condition (26a) has been realised over the ex- 
perimental range of wavelengths. The thickness of Ag (0.006 cm)i8 certainly less 
than its critical value; for otherwise, would its graph superpose on that of Al. 

For hard filtered radiations, however, the picture appears to be entirely dif- 


ferent. In that case, is no longer approximately equal to 

is not negligible as in (b). 

The equation (22), therefore, rcvluces to 




andl 


/ (JA90® ^ \ 


(S'IP')90‘- = K' [ 1-36'90'’ ( -»■*) ]• 


since the missing terms all work up together to a negligible magnitude. As the 
wavelength A is decreased, 6^90® increases (up to a value 1) and So also 

^ rjj vide if) of “Properties of with the result that the intercepted 

This is the interpretation of the marked decline in the ratio (/S»/P)90® towards the 
ratio falls, harder end of the graph [in figs. 1 and 2, p. 739 (Barkla and 
Khastgir 1927)]. Because, though it is unintercepted in the ordinary sense, the 
rays concerned have yet to pass through a very small thickness (0.01 cm) of Al 
which covers the window of the ionization chambers. 

(c) Absorption of unmodified scattered radiation : At large values of A, 
the scattered radiation is unmodified and (790® = 0. Hence from (22) 


== KXl+iA--A')x] = A:'(const.) 

= (/8/P)90®, since {A'^A')x << L 


... (31) 
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This relation thus becomes independent of the material of the absorber to 
some extent and also of its tliickness. 

Therefore, the graph for the intercepted ratio plotted against A lies on the 
same horizontal straight line as the corresponding graph for the unintercepted 
ratio, which is in conformity with the classical theory of scattering. The feature 
in question, is clearly borne out hy the plots in the longer wavelength region 
- ■{Np)ai > ™ P- and Khustgir (1926b) and in Pigs. 3 

and 4, pp. 1121 and 1123, Barkia and Khastgir (1925b). 

(d) Non-commutative absorption. 

Referring to eqn. (23) in connection with the compound absorbers we have 
(S’lP’Uy - K' [ J -3<790« ) ]+{^i-Ay')x 

_3<7oo'>{:|-*yA,» ( r„ + J +(A^-A'^)y ] 

Interchanging the positions of the two absorbers, we have . 

(S7P'),+, = K' [i- 36'90» {-I* 2/A=> ( r„+ ^ -r„ ) } +{A^-A',)y 

-3C'90»(|i a:A/(r,+ | +{A,-A\)x] 

Obviously, the ratio {8"IP'')^^y is not identical with the ratio (8"IP'')y^xi except 
when the rays are homogeneous or when the absrobers are of the same material. 
This is an interesting result, pointing to the importance of the order or sequence in 
which the absorbers are placed. 

It must be noted hero, that although the experimental findings of Barkia 
and Khastgir have, in this paper, been amply corroborated from the theoretical 
stand-point, yet these findings are not to be accepted as perfectly general. The 
features in question owe their origin to a particular set of conditions imposed upon 
the experiments, which under other conditions, may lead to a different picture 
altogether and that with equal theoretical justification. Indeed, performances 
of heterogeneous X-rays, have shown themselves to be extremely sensitive to these 
conditions and variation thereof, brings about appreciable changes in the conse* 
quenoes. The choice of the absorbing thickness, for instance, is often a vital factor 
in deciding the issue. Many more examples, to this effect, may be cited — some 
from the writer’s own works (unpublished) also. In one experiment, as previously 
mentioned, progressive absorption by Ag (maximum thickness =» .009l> cm) 
yielded a curve smoothly sloping down, for A = 0.46A, in striking contrast with 
the horizontal line obtained by Barkia and Khastgir* . In another expeximent. 
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the ratio {SjP)fQ plotted against (/i/p)^j traced out a graph which ran horizontal 
for a certain length but steadily sloped down, towards tho softer region of the rays. 
This was accompanied by the corresponding (^7P')«o —graph for 0.7 mm Al- 
absorber, which was definitely a desconding|* curve and clearly distinct from the 
horizontal type, discussed previously. JKve the thickness of the scattorer has 
been noticed to play its part and affects th ensuing results substantially. Yet 
none of these deviations have so far run coj iter with the concepts presented in 
the foregoing pages. Notwithstanding the j tot that some of the experimental 
results were at variance (duo undoubte to (dianged conditions) with those 
under review, there were still, a host of otlj jrs in line with them. 

It is, however, realised that the type ofkbsorption experiments dealt with in 
this paper, despite possessing certain advantages from experimental point of view, 
is hardly the type best suited for a crucial test of the Compton effect or of the 
concept of independent quanta. The reason is that, the individual constituents 
of the incident spectrum do not act incoherently. Another thing that should bo 
borne in mind in this context is that, the very structure of the heterogeneous 
complex radiation continually undergoes metamorphosis by absorption, as it 
passes from layer to layer of the absorbing substance, which considerably compli- 
(jates the issue. Nevertheless, the present analysis, founded essentially on thq 
validity of the Compton’s quantum theory of X-ray scattering, has been able to 
explain most of the results experimentally observed and to substantiate many 
of tho features of the J-phenomenon. 

SUMMARY AN 13 J3ISCUSSION 

Starting with Barkla’s idea of an ‘atmosphere’ of radiation, nientionod before 
and taking into account the various effects due to (i) Compton scattering, (ii) 
interference of the scattered radiations, (iii) absorption of the various constituents 
of the heterogeneous beam by an absorbing material and (iv) ionization produced 
by the radiations received in the ionization chambers, it has been possible to ex- 
plain qualitatively and also quantitatively in many cases, most of the experimental 
results of Barkla and Khastgir on the comparative study of the primary and the 
scattered beams of heterogeneous X-radiations, (i) when both tho beams were 
passed through the same increasing thickness of an absorbing substance for a 
particular average absorbability of the primary beam and (ii) when both the beams 
were intercepted by the same thickness of an absorbing substance for a wide 
range of absorbabilities of the primary beam. 

With regard to the Compton scattering, the modified and the unmodified 
parts have been considered separately. ' In considering the effects of interference 
of the scattercKl radiations, predominantly in the forward direction, enhancement 
of the scattered intensity and the increase in the wavelength of the scattered 
beam have been taken into account. A function / depending on the wavelength 


5 



134 


Hirendra Kumar Pal 


and the angle of s<;attering has been introduced to represent the enhanced intensity 
due to interference and the increase in the wavelength due to interference has been 
considered in addition to the Compton change of wavelength. 

In the experiments with which we are concerned, the scattered beam was 
fairly wide in comparison with tlic primary beam, so that the primary and the 
Kcattcu’ccl beams could be comparable in their ionizing effects. With a narrow 
lieam, the mass -absorption coefficient is slightly higher than that with a wide 
lic^am. This iiuTcased mass-absorption (;ocffi(;icnt of the narrow primary beam 
relative to the wide scattered beam has been taken into account in the theoretical 
analysis. In calculating the ratio S'jP* for the heterogeneous beam, the concept 
of a critical absorbing thickness has been very useful. Further, a ‘disparity*’ 
— "tenn, has been introduced to characterise the difference in quality between 
two beams of slightly different wavelengths after transmission through a certain 
thickness x of an absorbing material. The average wavelength inside the absorb- 
ing material has been taken as the mean of the average incident wavelength and 
th(^ avcirage transmitted wavelcngtli, and the ‘disparity’ between the two beams of 
slightly different wavelengths after transmission has been defined as the fractional 
difference in the average transmitted wavelengths. The ‘disparity’ —term has 
simplified the problem of relative absorption ))y two beams of slightly different 
Vavelongths, while dealing witli heterogeneous X-rays. Finally the ionization 
produced by the radiations transmitted through an absorbing material and received 
in the ionization chambers has been considered. 

(a) Progressive Absorption 

Considering all the above factors, a theoretical expression for the ratio of 
the ionizations due to tlie scattered and the primary beams after transmission 
through a gradually increasing thickness of an absorbing material has been 
worked out for a definite average wavelength of the primary beam. This has 
enabled to explain the experimental results of Barkla and Khastgir on progressive 
absorption of the scattered and the primary beams of heterogeneous X-rays. 
The observations that in tlie case of Al and Cu, the ratio of the ionizations 
produced by the scattered and the primary beams decTeased with the increasing 
thickness of the absorbing substance and that in the case of Ag and Sn, the 
ratio was independent of the thickness of the absorber have been interpreted 
from theoretical considerations. 

The progressive absorption of the two beams of heterogeneous X-rays, scat- 
tered at any angle 0 and scattered at 90^^ has also been theoretically investigated. 
It has been shown that in the backward direction >> 90°), the ratio of the ioni- 
zations due to the two scattered beams should decrease with the increase of thick- 
ness of the absorbing substance and that in the forward direction (<f> <I 90°), the 
ratio should (i) decrease as in the case of backward direction or (ii) increase or 
(iii) remain constant with the increasing thickness. All the three types of the 
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variation were actually observed by the author (Pal, 1949). The results of Barkla 
and Mackenzie (1925, 1926) corresponded td^the types (i) and (iii) and those of 
Barkala and Kliastgir corresponded to the t^pe (i) only. 

When a decjrease in the ratio of the ioniza^ons duo to the scattered and primary 
beams with increasing thickness of the absorbing substance was observed, Barkla 
and Khastgir occasionally observed a reducel rate of decrease. This ‘sub-lover 
representing a smaller slope of the curve has ween attributed by the author to the 
instability of the scattered beam in (jourse m the observations. An attempt has 
also been made to explain the apparently aiKinalous results which had boon ob- 
tained by Barkla and Khastgir (1926b) witf compound absorbers (i.e. with a 
gradually increasing thickness of A1 backed % a constant thickness of Ag or Sn). 
(b) Ratio of the ionizations due to ike scattered O'^d the primary beams ^ intercepted 
and unintercepted by a given thichiess of the absorbing substance for different 
mass-absorption coefficients of the incident primary beam,. 

The precentago difference between the intercepted and the unintercepted 
ratios has been theoretically worked out. Assuming that the change in wavelength 
due to interference of the S(;attered radiations is directly proportional to the 
wavelength A (which is true to a first approximation) for a small range of wave- 
lengths, it has been shown that the percentage difference, as computed theoreti- 
cally is constant, i.e. independent of the incident wavelength A within a (certain 
range, provided the thickness is equal to or greater than what has been called the 
critical absorbing thi(;kness. This is what had been ()l)Sorvod by Barkla and 
Khastgir after the Ji-discontinuety had set in as in their Case A or throughout 
the range as in their Case B, It has also been shown that the computed percentage 
difference between the 'unintercopted’ and the ‘intercepted ratios is of the same 
order of magnitude as had been observed by Barkla and Khastgir (i.e. 9%, when 
A1 was used to intercept the beams). Further, the significant observation of 
Barkla and Khastgir that the percentage difference between the ‘uninterceptecr 
and the ‘intercepted’ ratios is of the same order for the angles of scattering 30®, 
60® and 90®, has been explained, under certain conditions, from theoretical consi- 
derations. 

The (jonstancy of the percentage difference between the two ratios S/P and 
8^IP\ over a range of wavelengths implies that difference between the mass- 
absorption-coefficients of the primary and the scattered beams is also constant 
over the same range of wavelengths. This difference is of course zero in Case 
A of Barkla and Khastgir for longer wavelengths. We thus got some theore- 
tical justification for Barkla’s law of the /-phenomenon : 

^ "“ (^ ) = ^ constant. 

The theoretical analysis has also shown that the ‘unmtercepted and the 
‘intercepted’ ratios of the scattered and the primary beams, under certain 



136 


Hirendra Kumar Pal 


conditions are both constant and independent of wavelength. The well-known 
horizontal lines of Barkla and Khastgir in their curves showing SjP and 
for diff(irent mass-absorption coefficients of the primary beam are thus explained. 
A marked bending down of the lines for very small mass- absorption coefficients 
has also becoi interpreted. In the case of compound absorbore, a striking result 
of the tlieorctical analysis is the inequality of ({8"IP") ^c+y and ^ 

heterogeneous beam of X-rays, where x and y arc the thicknesses of two 
different absorbing substances, in contact with each other, once when placed 
one behind the other and subsequently, when placed in the reversed order. 
This non -commutative absroption needs an experimental verification. 
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LIGHT ABSORPTION IN IJIOs ION IN STATE 
OF SOLU'^ON 

Part II-203ii|t BAND 

I 
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ABSTRACT* 200in/i hand of nitrate ion Ibas been resolved into five peaks. The 
observed energy, band -width, molar extinction coefficient and oscillator strength show that 
the strongest peak is due to the symmetry allowed A'i--¥E\ tt— electronic transition 
and the others are duo to simnltanoous electronic and '^dbrational transitions. 

INTRODUCTION 

Til previous part of the paper (Mookherji and Tandon, 1062b), which we shall 
refer as part I, hereafter, a systematic study of the 300m/^ liand of nitrate ion 
in about ten different salts in state of aqueous solution has been reported. 

The 200 m /4 band is very intense and has largo band widtli. Previous workers 
(Part T) failed to study this band in detail due to largo band width and non- 
elimination of solvent and container effect. Krisbnan and Guha (1934) in the 
absence of any knowledge of vibrational or electronic energy values of NOg" ion 
attributed both the bands to photodissociation of NO ’3 into NO “~2 and 0. 
But Smith and Boston (1961 could not detect the presence of NOg” in nitrate 
melts and Mookherji and Tandon (1962a) failed to detect the presence of NO "“2 
in state of solution. Moreover, the observed structure of the 30()m//. band in 
case of nitrate crystals at 20°K (Schauman, 1932) cannot be explained by 
postulating photodissociation. 

The present communication reports a systematic study of the molar extinc- 
tion coefficient, oscillator strength, etc., of the 2 (M)m /4 band, discussed in the light 
of the theory of Smith and Boston (1961) and MtjEwen (1961). 

EXPERIMENTAL 

The measurements were carried out by Hilger’s UVISPEK spectrophotometer. 
The same procedure as in Part I was followed. To locate close peaks the scanning 
of the spectrum was carried out at an interval of 2.6 A (Tandon, 1961). 

Chemicals used were of Merck's analytical reagent quality. Triple distilled 
water was used for making solutions. The measurements centred round about 

* Now in Physics Department, University of Jodhpur, Jodhpur, Rajasthan, India. 
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25°C. No obrtt'Fvable change in the position of the peaks was noticed for small 
room temperature variations. 


RESULTS 

Results of measurements are collected in Table I. Five peaks A, B, C, D 
and E as shown in Pig. 1 are given in Wavelengths. 


TABLE I 

Characteristic of 200m/^ band 


SI. 

No. 


Peak 

Absoxption 

maximum 

A 

Molar 

extinotion 

coefficient 

^tnax 

(litres/mol-cm) 

Band width 
[ 6 ( + l) + 8 (-l)] 
em-> 

Oscillator 

strength 

P 

(1) 

( 2 ) 

(3) 

(4) 

(^) 

( 6 ) 

(7) 



A 

1980 

10330 

7600 

0.18 



B 

1910 

8738 

1700 

0.04 

1. 

LiNOa 

0 

189.5 

6531 

1700 

0.03 



U 

1876 

3814 

1600 

0.02 



E 

1865 

2542 

1000 

O.Ol 



A 

1990 

26950 

7800 

0.48 



B 

1912.5 

26970 

1750 

0.11 

2 . 

NaNO;, 

C 

1895 

23110 

1660 

0.09 



1) 

1875 

16160 

1600 

0.05 



E 

1856.5 

5943 

1500 

0.02 



A 

2000 

43590 

8000 

0.80 



B 

1917.5 

43000 

1850 

0.18 

3. 

KNO, 

V 

1896 

41850 

1700 

0.16 



]) 

1876 

27200 

1500 

0.09 



E 

1857.5 

13550 

1550 

0.04 



A 

2005 

23920 

7000 

0.39 



B 

1917.6 

18140 

1700 

0.07 

4. 

NH 4 NO 3 

C 

1896 

16920 

1400 

0.06 



n 

1876 

9130 

1350 

0.03 



E 

1867.6 

5036 

1400 

0.02 



A 

1997 

40360 

8000 




B 

1916.6 

39790 

1760 

0.16 

5. 

AgNOa 

C 

1897 

34900 

1600 

0.13 



D 

1875 

23210 

1600 

0.08 



E 

1866 

12130 

1550 

0.04 



A 

1985 

18820 


0.32 



B 

1919 



0.09 

a. 

Ba(NO,)j 

r 0 

1895 

20560 

1700 

0,08 



D 

1876 

17040 . 

1300 

0.06 



E 

1867.6 

7865 

1700 

0.03 



A 

1992.5 

20240 


0.28 



B 

1918.5 

8149 

1400 

0.03 

7. 

SrlNOala 

C 

1895 

1402 

500 

0.002 



D 

1876 

323 

250 

0.0002 



E 

1857.5 

216 

220 

0.0001 
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TABLE 


SI. 

No. 

Salt 

Peak 

Absorption 

maximum 

A 

Molaf 

©xtinclion 

(‘.oeffieilnt 

(litr©s/m<]|.cm) 

Band width 
[S( + l) + 6(-l)] 
cm 

Osciillatop 

strength 

P 

(1) 

(2) 

(3) 

(4) 


(6) 

(7) 



A 

2020 

24144 

5700 

0.32 



B 

1918 

1436i 

1800 

0.06 

8. 

C»(N0,)3 

C 

1895 

627’| 

500 

0.006 



T3 

1875 

54| 

260 

0.0003 




18575 

27i 

200 

0.0001 



A 

2000 

2381(| 

7100 

0.39 



B 

1917.5 

17760 

1900 

0.08 

9. 

Mg(NO.,)j 

C 

1895 

14860 

1500, 

0.05 



D 

1875 

9696 

1300 

0.03 



E 

1859 

.5719 

1500 

0.02 



A 

2035 

28260 

7.500 

0.48 



B 

1917.5 

20880 

1900 

0.09 

10. 


C 

1895 

17880 

1600 

0.07 



D 

1875 

12360 

1600 

0.04 



E 

1855 

8465 

1400 

0.03 



A 

2047 

28490 

8000 

0.62 



B 

1919 

28880 

4000 

0.26 

11. 

AllNOa), 

C 

1895 

30100 

1600 

0.11 



D 

1875 

21690 

1300 

0.06 



E 

1865 

8661 

1500 

0.03 


0.36 

0.32 

0.28 

O 

^ 0-24 

0 

^ 0*20 

1 

^ 0.16 
g 

•I 0.12 

r 

J 0.08 
0.04 
0.0 



40 42 44 46 48 50 62 64 66 

Wave numbers in thowands of cm-i 

Fig. 1. — Nature of variation of absorption in 200m/i band of nitrate ion irl aqueous solution 
of LiNO. The five peaks* which have been resolved, are A, B, C, D and E. 
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discussion 

A. dharacteriMicH of an absorption band 

Tlic essential (iharacteristics which are needed for the assignment of an 
absorption band are its position, band-width, intensity and structure. We dis- 
cuss these points one by one. 

(a) Position : Following Smith and Boston (1961) the position of the band 
maximum was determined as the limit at the maximum of the mid-points of a 
K(*qu(mce of chords drawn across tlie band parallel to wave-number axis. This 
could be done with a precision of 5- 10 A. The band maximum could be located 
at 200m//, with a small variation of energy in different nitrates. (Table I). 

(b) Band-width : The band-width gives a measure of the antibonding 
character of the orbitals giving rise to the excited state (Jorgensen, 1962). 
Assuming the slmpe of tlie absorption (uirve to be Gaussian the double half- 
baud-width is given by the expression, 

2S^.[S(i-l)+S(^\)] ... (1) 

where (5(+l) and ^(~*1) are half band-widths towards larger and smaller wave- 
numbers respectively. 

The band-width of this band 10®cm“'^ (Table I), whieli is of the same order 
as that of 300m// band (Part I), indicates that the orbital giving rise to the excited 
states for both the bands are anti bonding. 

(c) Inkmiiy : It is customary in spectrophotometry to discuss and to 

d(5scribe the intensities of absorptitm bands in terms of absorptivities or molar 
extinction coefficient As this is not directly related to any quanitity obtain- 

able from thet)ry, we shall discuss in terms of oscillator strength P, suggested by 
Mulliken (1939), which is proportional to the intensity, directly deducable from 
theory and measurable from the area of the absorption curve (JaffS and Orchin, 
1962). 

Since the absorption band is of Gaussian shape, following Jorgensen (1954) 
and Ballhausen (1955), the oscillator strength P is given by 

P-=4.60xl0“»e [S(+l)+S(-l)]l2 ... (2) 

where is the molar extinction coefficient and has a valuer 10^ (Table I). This 
agrees well with the measurements by Meyerstein and Treinin (1961). 

The experimental values of e^^ax [^( + 1 ) + ^{ — 1 )1 gave P values from equa- 
tion (2) which are collected in Table I. These values of 10^ and P 10“^ 

suggest that this band is duo to an allowed transition. (Part I). 

(d) Fine Structure : This 200m// band could be resolved into five peaks 
A, B, C, D and E (Table I, Pig. 1.). The observed spacing between peaks 600- 
600 cm”"^ agrees well with that in case of 300m// band observed by Schauman 
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(1932), Rodloff (1934), Sayre (1959) and Strickler (1961). However, the peaks 
between A and B (Fig. 1) could not bo resjolved, resulting in wider separation 
between A and B than other peaks. Following Sayre (1959) and Strickler (1961) 
these peaks may be interpreted as vibrational structure of the electronic 7 r-> tt* 
transition. ^ 

B. Assignment of the hand | 

The observed values (~J0^ litroalmol. — cm) and oscillator strength 
P(-- I0“i) for this band suggest that tho bandinay be due to an allowed transition. 
Stein and Treinin (1959) and Rhodes and Ub|!)elohde (1959) have assigned to this 
band electron transfer or inter-molecular char^ transfer transition which is charac- 
teristic of halide ions (Strickler and Kasha, 1961; Jortner and Treinin, 1962). 
This assignment may be ruled out on the grounds that the effects of solvent and 
foreign ions on NOg™ spe<^trum in solution though resemble that of halide ions 
but differ in magnitude markedly (Strickler, 1961). 

The 24 electrons in nitrate ion may be divided int(i /r-olectrons (bonding and 
antibonding) and (r-electrons (bonding and antibonding) (Walsh, 1953). McEwen 
(1961), Strickler (1961) and Smith and Boxton (1961) have calculated by LCAO-MO 



Fig. 2. Energy level diagram of nitrate ion showing transitions. 

method the energy levels of nitrate ion using symmetry properties of the ion. 
These energy levels along with transitions are shown in Fig. 2. The observed 
energy 6.17 to 6.23 ev, of this band of nitrate ion in different salts in state of 
aqueous solution, agrees well with the calculated value, 6.22 ©v ot tr^ transition 
of the free ion. The small deviations from the calculated value may be attributed 
6 
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to the influciici- of cation (Smith and Boston. 1961) and solvent (Strickler, 1961). 
The detaik'fl study of solvent effect by Strickler (1961) and Meyerstein and 
Ironiri (1961) coupled with the study with polarised light by Krishnan and 
Basgupta (193.1) and friend and Lyons (1969) also confirm its assignment to 
allowed hl\ tt— > n* tranHition. 

Thus the :J()0m// band may be assigned to the symmetry alowed .d,-* E', 
n-* n* transition and its fine structure to the vibrational structure of this electro- 
nic transition. 
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CRYSTALLOGRAPHIC DATA FOR AMMONIUM 
NITRATE-SULPHATE 

R. K. GHOSH, V. K. SRINIVASA and B. K. BANERJEE 

rr,ANNiNa AXD Dkvklopment Division, 

TiIK FkrTIMZEB OOBPOBATION OB INDIA LTD., SiNDHBl, RtHAB. 

{Received February 19 , 1966 ) 

This laboratory has been investigating the possibilities of the formation of 
different types of double salts of ammonium nitrate — sulphate under various 
physical conditions. The possibility of the formation of double salt of 1 s 1 molar 
ratio of nitrate — sulphate was indicated by Ito (1960) in liis studies on the 
phase-diagram of the system (NH 4 ) 2 S 04 — NH 4 NO 3 — HgO. In our earlier investi- 
gation Srinivasa et, al, (1964) on this system, wo have confirmed its existence 
as a stable solid phase by preliminary X-ray powder diffraction data. The 
present investigation was undertaken with a view to obtain more information 
and clarification of its cr 3 ’^stallographic properties. 

The sample of the double salt used in this determination has been prepared 
according to the method already described (Srinivasa ei al, 1964). The crystals 
of double salt of 1 : 1 molar ratio were grown from aq. elcholic solution. The 
crystals grown were plate shaped with well formed ( 010 ) and ( 100 ) faces. The 
size of a typical crystal was 2 x 1 x 0.2 mm. Oscillation and Weissenberg 
photographs were taken around the ‘b' axis and ‘a’ axis with nickel filtered 
CuK„ radiation. Prom the zero layer Weissenberg photograph the value of fi 
was calculated by the method of Omega separations (Buerger 1942). The 
values for the unit cell dimensions are : 

o = 6.91A 6 = 7.96A c = ll.OSA y? 112“64' 
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The crygtal belongs to the monoelinic system. After indexing the Weissen- 
lierg photograph (around the ‘6’ and ‘a’ axes), the following systematic extinctions 
were obsorvtHl : 


OkO absent when k is odd. 
hOO absent when h is odd. 
hOl absent when h is odd. 

Accordingly, the space group is determined as P2j/a— 

There are two molecules per unit coll. Density : calculated 1.46 g.cm”*; 
observed 1.48g.cm~*. 
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A SIMPLE METHOD FOR CALCULATING THERMAL 
EXPANSION OF IONIC CRYSTALS 

C. M. KACHHAVA S. C. SAXENA 

Physics Department, RajasthaiI' University, Jaipur, India 
(Received Octobi^ S, 1904) 

Simple methods for computing the pro|)erties- of solids are very usiifuJ from 
a practical standpoint. Smyth (1955) andiKumar (1959, 1960) developed such 
a simple method for calculating tlie coefficietiit of thennal expansion, a. Accord- 
ing to them 

a = VZ'. - (1) 

2E n 


Here and E are the speciBc heat at constant pressure and cohesive energy per 
mole respectively, n is the repulsive index, and Z' — (ZcNc+ZaN„){Nc+Na)~'-, 
whore Zg, N„ and Z^, N„ are the charge and nimiber of the cation and anion 
respectively. The potential energy fimction, ^(r), assumed was 


, , . aZ'^e} , A 

— - V' 


( 2 ) 


where a is the Madelung constant, e tlie charge of an electron, Z is the valency , 
r the interionic distance and A and n are the familiar potential parameters. The 
other relevant details will not be reproduced here for brevity and further because 
these are not pertinent for our discussion in tliis note. 

A more general form of Eq. (1) is 


2r: 


mro)? 


V'z', 


( 3 ) 


in which is the interionic equilibrium separation distance, ^ (^q) and (j> (t^ 

refer to the values of third and second derivatives of ^(r) at r = fp respectively. 
Equation (3) will bo convenient to use when more complicated forma for <f>{r) 
than given by Eq. (2) are considered. The purpose of this note is to point out 
that much more reliable values of a are obtained if one uses an appropriate form 
for ^(r). 

Kachhava and Saxena {1964a) have recently shown that a very appropriate 
and accurate empirical form for ^{r) is 




+ 5exp(-r/p)“^-^ 


... ( 4 ) 
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where B and p are tlie potential parameters, C and D are the van der Waals’ 
constants. Tlu‘ potential parameters may l)e obtained by the familiar condi- 
tions of Born and Mayor (1964b). As a is very sensitive (19646) to the overlap 
forces it is likely that the use of Eip (4) instead of Eq.(2) may result in considerable 
improvem(‘nt for the a vahuis. We will examine this for the case of alkali halide 
crystals whc^re expcu'inuMital data are also available. 

TABLE I 


Thermal expansion of alkali halide crystals, a 



CohoHive Cp(29S"'K) 
oiK'rgy Cal/dog. 

KCal/molo inolo 


a 

106 per deg. 



( ^rytjtul 

Exptl. 

Rcjs. (3) 
ftnd (2) 

%dev. 

Rqs. (3) 
ftnd (4) 

%dov. 

1 

LiK 

238. 9rt 

10. (^4c 

34.0c 

.34.85 

•} 2.5 

29.16 

-14.2 ‘ 

IjCI 

192.1a 

12.200 

44.0c 

49.53 

-f 12.6 

44.76 

+ 1.7 

billr 

181.9ft 

12.400 

.50. Oe 

,52.01 

+ 4.0 

44.68 

-10.6 

bil 

109. 5a 

13.00O 

59.0c 

.52.31 

-11.3 

.50.08 

-15.1 

NaK 

213.8ft 

11 .OOo 

36. Oo 

40.27 

-i-n.9 

.34.29 

- 4.7 

NaCl 

179. 2a 

11.880 

40.0c 

49.50 

+ 23.7 

42.90 

-] 7.2 

Nalir 

170.5a 

12.50c 

43. Oe 

41.66 

- 3.1 

46.45 

+ 8.0 

Nal 

159.0a 

13. OOo 

48.3c 

57 58 

1-19.2 

51.66 

+ 7.0 

KF 

lS9.2a 

11 .73o 

36.7c 

46.27 

+ 26.1 

38.62 

+ 5.2 

KOI 

103.2ft 

12.3Io 

,38.3c 

54.23 

+ 41.6 

47.29 

-1 23.5 

KBr 

150. Oa 

12.820 

40.0c 

.57.86 

+ 44.7 

51.05 

f27.6 

KT 

147.8a 

IS.lGo 

45. Oo 

61.32 

+ 36,3 

,55.00 

+ 22.2 

llbF 

180.6a 

I 2 . 2 O 0 

31.67f 

49.33 

+ 55.7 

41.99 

+ 34.1 

HbCl 

157.7a 

12.30c 

36.00 

,55.40 

+ 53.7 

47.58 

+ 32.2 

HbBr 

151.3a 

12.68c 

38. Oe 

58.56 

+ 54.1 

51.61 

+ 35.8 

Kbl 

153.0a 

12. 50c 

43. Oo 

,59.32 

+ 38.0 

52.98 

+ 23.2 

CsCl 

155.1b 

12.22d 

56. Og 

58.79 

5.0 

49.36 

-11.8 




Mean 

26.1 


16.7 

Sherman, 

J., 1932, 

Chem. Rev. 

11 , 93 . 
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Kuinar (1959, 1960) used the expression given hy Eq. (1) in eonjunction with 
relation (2) and n values fixed by Pauling (1027). Kumar (1959, 1960) also used 
the experimental values of cohesive energy but the values of E obtained from 
Eq.(2) and Pauling’s n values agree with th^ experimental E values very well so 
that his calculation-procedure becomes consilient with Eq. (3). We will therefore 
base all our discussion on Eq. (3) only. Vallies of a so obtained are given in the 
Table I along with the experimental valuesJand the ])ercontage deviations. The 
values of some of the necessary constants ari also tabulated. 

If we employ potential form given by ]|q. (4) in Eq. (3) for evaluating a we 
get the values given in Table 1, (column 7. jThe constants required in these? cal- 
culations are those already given by us ( 1963, 964b) earlier. Tlio calculated values 
are now in somewhat better agrt?ement with the experimental values. The average 
absolute deviation is only 16.7% as compared to the previous value of 26.1%. 

A few remarks regarding the experimental a values listed in the Table I are 
relevant. The values giv(ui in the Table 1 does not include the rtisults of a few 
measurements reported in recent years. Pathak and Pandya (1959, I96()a, 
1960b) and Pathak, (4 al, (1963) have reported a values on a ft?w alkali halide 
crystals as a function of tejnperature using X-ray diffraction tec^hnique. For 
NaCl the results have been reported by Pathak and Pandya (1959) in a 
graphical form and therefore we could not include them hero for comparison. 
These authors also represent their data (except for NaCl) by a quadratic equation 
in temperature and wo have calculated the a values at 25® C in (?ach case. This 
involves back extrapolation of 5®C which is ri^asonable. Wo report these values 
in Table II. These values on the average differ from tht? recorded values in Table 

TABLE II 

Experimental a (xlO® per deg) values at 26® C 


Crystal 

a 

LiF 

33.8 

NaF 

32.0 

KBr 

38.5 

KI 

40.3 


I by about 6%. It may further be remarked that in certain (jases other authors 
have also reported the a values. Using the same technique, earlier a values 
for LiF, KBr and KI are in good agreement with the values listed in Table 11. 
For NaF Deshpande’s (1961) value at 30®C is greater by about 6% than given in 
Table II and is again obtained by X-ray data. From this analysis it is clear that 
a values are correct to within about 6%, if the relative consistency of the data 
of different workers is any guide. However, this uncertainty’ does not vitiate 
in any way the conclusion derived here. 



148 


Letters to the Editor 


One of the endeavours of this work was to demonstrate the necessity and 
importance of using the correct potential energy expression in calculating the pro- 
perties of solids. The success achieved by theory even now is not very satisfactory 
but this is essentially because of the simple picture of the lattice vibrations we have 
aasununl in developing theory following Einstein. 
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RELAXATION TIMES, MUTpAL AND AVERAGED 
MUTUAL VISCOSITIES OF slOME DI-SUBSTITUTED 
BENZENES IN SOLUTIOn| OF CYCLOHEXANE 

S. I. AHMAD AND |l. N. SHARMA 

Department of Physics, UnivdIsity of Lucknow, India 
(Received March 31, 1964; Res^mitted November 16, 1964) 

ABSTRACT. Holaxution timoH of o , m~, and p-iiitro toluones and o-ohloro toluono 
linv'e been determined in th(3 3 omH micro- wave region uHing cyclohexane as solvent at a tem- 
perature of 24‘^C. Mutual viscosities of the solute and solvent as proposed by Hill and ave- 
ragtMl mutual viscositios as roctuitly introduced by Vaughan and co-workers have also been 
determined in tlui solutions of cycloht^xane. By differentiating the equations of Hill and Vau- 
glum and coworkers with respectt to the solute mole fraction two more equations have been 
obtained and the values of the mutual and averaged mutual visciosities obtained from those 
equations havti boon c,ompared with those obtained diretitly from the equations of Hill and 
Vauglian and co-workers. It has been found that for the solutions studied the mutual viscosity 
coolTicient is a bettor representation of the hindrance to the rotation of the inriividual solute 
raolerniles. Tlie potential barrier heights for dielectric; relaxation and viscous flow have also 
been calculated using Hyring’s equations. The potential barrier height for dielectric relaxa- 
tion is found to bo always less than the potential barrier height for the viscous flow of the 
solvent. 

INTRODUCTION 

Hill ( 1964 ) suggested that the macroscopic viscosity of the solvent should be 
treated as the mutual viscosity of the solute and the solvent which is a measure 
of the solute-solvent interaction, in order to explain the discrepancy between the 
observed values of relaxation time (r) and those obtained from Debye’s equation. 
She gave the following expression for the mutual viscosity coefficient 

where and are the coefficients of viscosity of the solution, solvent and 

solute respectively. 0?^, are the mole fractions of the solvent and the solute 
and the quantities (T represent the average inter -molecular distances and are given 

by 

er, = cr, = and (r« = ( 

where Jkfi, are the molecular weights of the solvent and solute respectively 
and dii are the corresponding densities, rfm is the density of solution. 
represents the average separation of the solute and solvent molecules, i.e* 

= l/2(ori+(r2) 
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On rearrangoniont equation (1) yields 





... ( 2 ) 


This equation represents a straight line. The mutual viscosity may bo obtained 
from the slope of this line, drawn taking L.H.S. as ordinate and 2(xj/a;2)((rj2/o’5|) 
as abcissa as all the factors involved can be determined experimentally. 

Assuming that <r„, ~ cTj and differentiating both the si<les of equation (1) 
with respect to x.^ one gets 


. -J 

^2 2X2 



-I “ •!,+ • 


12 

(T.t 




... ( 3 ) 


This equation also represents a straight line and can similarly be used to determine 
^12* 

Meakins (1958) determined the mutual viscosity coefficients of large number 
of solutes in solutions of benzene and decalin and showed that tlio agreement 
between the experimental and calculated values of r is much better in the case of 
Hill’s equation of r than that with Debye’s equation. Later on ]Mtts and Smyth 
(1959) also showed from a similar observation that for the four systems observed 
by them, the value of r obtained from Hill’s equation are three to four times the 
corresponding experimental values of r. 

Recently Vaughan and co-workers (1961) derived on simple considerations 
an expression very similar to that of Hill, defining another mutual viscosity which 
they called the “properly averaged mutual viscosity”. But they found no ad- 
vantage of this viscosity over r/j — the solvent viscosity, for the compound studied. 
Their equation in the i)resont notation is : 

Vn == ^i*''/i4a;2*J/2+2xiX2i/i2 ... (4) 

which yields on rearrangement 

... (5) 

Differentiating both sides of equation (4) with respect to Xj one gets 

s. fe. = ”■+4 V*-) 

The equations (2), (3), (5) and (6) are equally good for a system in which the solute 
is in solid form, in that case represents an unknown factor. The equations 
(6) and (6) may be used to determine the “averaged mutual viscosities” 
the present investigation the relaxation times (r) of o-, m- and jp-nitrotoluenea 
and o-chlorotoluene have been determined in 3 cins micro- wave region by Gopala 
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Krishna’s (1967) fixed frequency method uring cyclohexane as solvent. Mutual 
and averaged mutual viscosities of cyclohexane solutions of o-nitrotolueno, 
m-nitrotoluene, o-chlorotoluene and o-(jhlo|roaniline molecules have also been 
calculated from the slopes of the lines repiesented by equations (2), (3), (5) and 
(6) by the least square method. ?/i 2 toluene solutions was calculated 

from equation (5) by eliminating the factor ^2 from the two equations correspond- 
ing to two concentrations of the solute. / 

Potential barrier heights (ff^) for diel|ctri<i relaxation for the investigated 
compounds in solutions of cyclohexane an(i the ])oiential barrier height for 
the viscous flow of the solvent i.e. cycIohexa|ie liave been calculated using Eyring’s 
(1941) equations. f 

E X P E R 1 M E N 1 A L 

A 3 cms microwave bench was used for the determination of the dielectric 
constant, e/ and the loss factor e" of the dilute solutions of increasing concentra- 
tions, by th(^ standing wave technique of von Hippel and Roberts (1946). Micro 
waves were generated by a reflex klystron (CV129). After travelling through a 
system of w’^ave guides these waves were reflected from a short circuit at the end 
of a silver cell and standing waves wore formed in the waveguide as a result of 
interference of the incident and reflected waves. The position of any minima of 
the^se standing waves, with and without the experimental solution in the cell 
were determined. This gave the shift of the minimum field position. The width 
at doubk? the minimum field was also determined for each solution. The shift 
of the minima and the widtli at double the minimum field were used to calculate 
thedie loctric constant e' and dielectric loss factor of the solutions. Dakin 
and Works’ (1947) simplified method for the calculations of e' and e" was 
used in the case of solutions of o-nitrotoluene, rw-nitrotoluene and o-chloro- 
tolueno as the dissipation factor was always found to be less than 0.1. Finally the 
relaxation times r were calculated using Gopala Krishna’s (1957) relation. The 
viscosities w^ere determined with the help of Hoppler’s precision viscometer to 
an accuracy of ±2%. This method of determining viscosity is very simple and 
requires simply the determination of time of fall of a glass or metal ball between 
two marks in a glass tube filled wdth the exjwrimental liquid of known density. 
The viscosities (y cps) of the liquids were calculated from the relation : 

y = F(S,^Sj,) • K 

where F = time of fall of the ball in seoomls, 

= specific gravity oi the ball, 

8jr = specific gravity of the liquid, 

K (ball constant) = 0.009495 

It was observed that if an error of 1 % is made in any experimental measurement, 
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the maximum extent to which is affected is about 1.6%. The chemicals used 
were of pure quality and were obtained from Messrs E. Merck, B.D.H. and Light. 
Cyclohexane used as solvent was of B.D.H. LH grade and was distilled before 

use. 


DISCUSSION OF THE RESULTS 

The graphs given in the Figs. 1 and 2 represent the values of the factors X 
Y calculated from the dielectric constants c' and the dielectric loss factors e", 
for solutions of increasing (joncentrations of eacdi solute studied. The slopes of 
these lines, required in the calculations of relaxation times (r) were determined by 
the least square method. The values of relaxation time r, the average mutual 
viscosities and the ratios and together with the corresponding values 
of molecular weight for each compound are given in Table I. The results show 
that the relaxation times of the three nitro-toluones increase? from ortho- via meta- 
to para-compound. The ratios r/r/j for these compounds are different from each 
other and also increas(^ in the same order. This is not in conformity with the 
Debye’s theory (1929). But if rj ^ — ^the solvent vis(?osity is replaced by 
averaged mutual viscosity of the solute and solvent as in the last column of Table 
I, the differ ence between the ratio for the three nitrotoluones becomes much 



1. o-nitro-toliiene. 

2 . m-nitro-toluone. 
3* p-nitro-toluene, 
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less than with Tj^, The ratios for m- and ^-nitro toluenes are found to bo almost 
equal. Therefore in these cases seems to be a better representation of the 
resistance to the rotation of individual solute moltumles. From the results it is 
evident that the relaxation times of three nitro-toluenes increase from ortho- via 
meta- to para-compound because the resistance experienced by a nitro-tolueno 
molecule, also increases in the same order. The results also show that the values 
of T, (tItJi) and for o-nitro-toluene which has greater molecular weight are 

greater than those for o-chlorotoluene as expected. But the difference between 
the values for these molecules is less than that between the values of 

for the same molecules. This is due to the fact that the resistance experienced by 
a o-nitro toluene molecule in rotation is greater than that experience by a o-chloro- 
toluene molecule as can be seen from the values of i/jg for the solutions of these 
compounds. 

The Table II contains the values of the viscosity co-efficients a® deter- 
mined from the equations (2), (3), (5) and (6) for four compounds. The values of 
the averaged mutual viscosity for different solutions as determined from the 
equation of Vaughan and co-workers (1961) i.e. equation (6) are almost equal to 
those of the corresponding mutual viscosities determined from the equation (2) 
of HiD (1964) except in the case of o-ohloro toluene where the difference is slightly 
more than that in the case of other compounds. This is in agrpement with the 
results obtained earlier by Vaughan and co-workers (1961) in the case of some 
other polar molecules. In the 4tii and 6th columns of the Table H, are given 
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respectively the values of 7/^2 obtained from equation (3) of Hill and equation 
(6) of Vaughan and co-workers. It is found that the corresponding values of 
in the two columns are approximately equal, but they are slightly different res- 
pectively from the values of r/jg obtained from the corresponding equations (2) 
and (f)) and given respectively in the 2nd and 3rd columns, the difference being 
comparatively larger in the case of o-chloro aniline. 

In the Table III are listed the values of the potential barrier heights for dielec- 
tric; relaxation (H^) for the polar dlsubstituted benzenes studied and the potential 
barrier height (H,;) for viscous flow of the solvent calculated from the Eyring’s 
equations, together with the corresponding values of relaxation time. In these 
calculations the Eyring’s value of the constant A i.o. {kjh) == 4.8 X 10“^^ and that 
of the constant B = (hNjV) (where h — Planck’s constant, K = Boltzmann cons- 
tant, N = Avogadro’s number and V — molar volume), were used. A study of 
the Table III shows that the potential barrier heights H^. are slightly different for 
different molecules. The values of for the three nitro toluenes which have the 
same size, are found to be slightly different, probably because a constant value of 
A has been used in all the cases while it has been shown by Sobhanadri (1959) 

TABLE I 

Values of relaxation times (r), averaged mutual viscosity ratios 

('^IVi)y {^^^ 12 ) investigated eompeumds 

(/ = 9567 MC/Sec. Viscosity of cyclohexane at 24®C — 0.9754cps) 


Substance 

Molecular 

Weight 

T X 10 sec. 

rfVi y 10 

V12 fps- 

tIVi2 X 10 

o-nitro toluene 

137.13 

10.9 

11.18 

1.142 

9.54 

m-nitro toluene 

137.13 

15.1 

15.48 

1 .360 

11.19 

p-nitro toluene 

137.13 

18.8 

19.27 

1.668 

11.27 

o-chloro toluene 

126.58 

10.0 

10.25 

1.080 

9.26 


TABLE n 

Values of mutual viscosities (^jg) determined from different equations 


Substance 

o-nitro toluene 
m -nitro toluene 
o-chloro toluene 
o-chloro aniline 


V 12 cps from 

Eqn.(2) Bqn.(6) Eqn.(3) Eqn.(6) 

1.166 I . 142 

1.366 1.360 


1.049 1.064 

1.089 1.103 


1.041 1.080 1.009 1.021 


0.943 


0.964 


1.427 


i;427 
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TABLE in 

Values of relaxation time (t) and the poteintial barrier heights for dielectric 

relaxation and vinous flow 


Substance 

TXlOis Sec 

1^(K oal/mole) H’?{K cal/mokj) 
L 

mfHr 

o-nitro toluene 

10.9 

! 2.49 

t 

3.30 

1.33 

m-nitro toluene 

15.1 

1 2.68 

A 

3.30 

1.23 

p-nitro toluene 

18.8 

1 2.81 

3.30 

1.17 

o-chloro toluene 

10.0 

1 

3.30 

1.35 


and Bhanumati (1963), that ‘A’ has different values for different solutes. The 
barrier heights are definitely loss than the ratio of if, and being as 
1,35. This result is in confirmity with the view of Franklin et al (1950). They 
determined the activation energies H, of w-ootyl bromide in heptane, cyclohexane 
and hexadocane and found that H,. is nearly equal to if, only in Heptane which 
has slightly lower viscosity. The potential barrier height if, is always higher 
than H,, because while in the process of viscous flow both rotation and transla- 
tion arc involved, the process of dipole orientation involves only rotation, 
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HALL MOBILITY OF TELLURIUM FILMS DEPOSITED 
ON BaTiOs CRYSTAL 

A. K. CHOUDtttTRT jcnd S. K. DUTTA ROY 

Department op Physics, Indian Institute op Technology, Kharagpur, India 
(ReceiDcd January IH, 1965) 

ABSTRACT. The measuromentH of oloctrical resistivity aa<l Hall coeffieient of tollurium 
films deposited on polarised barium titanate single crystals have been reported; the results 
on glass and mica substrate are also included for comparison. The results yield a value of 
surface state density for tellurium to bcj 15 X lOi^/cins volt and the energy of the surface 
states 0.09 e.v. below the mid gap position. 

I N T R O D U C T 1 0 N 

Tlie surfaco properties of a semiconductor are generally determined from 
the field effect experiments on evaporated layers of films deposited f>n glass ami 
mica substrate. It has been observed that if the thickness of thb film is of the order 
of the space charge layer (10"“^ to lO^^cm), then with the application of a trans- 
verse olec^tric field to the surface, part of the induced electric charge is trapped 
by the surface levels and other part changes the carrier density in the space charge 
region. At the same time an interaction between the spat^o charge layer of the 
upper and lower surfaces introduces a large scattering of the carriers and the con- 
ductivity and Hall mobility of the film become less than the hulk value. 

Recently Aigrain et al (1952), Godefroy (1956), and Ghosh (1961) have made 
detailed investigations of field effect of tellurium films deposited on mica and 
glass substrate. They have shown that there is a large decrease in field and Hall 
mobility with the decreasing thickness of the film and this is due to the inclusion 
of more defects in the thinner films. But it is quite noticeable that the field mobi- 
lity measurement i.- more reliable. The changes in Hall mobility with transverse ^ 
electric field (upto 600 volts/cm) are very small and almost of the order of experi- 
mental accuracy. 

This paper reports the Hall effect and conductivity measurements of teilu- 
rium films deposited on a ferroelectric crystal instead of glass substrate. The 
film is exposed to intense localised electric field at the semiconductor substrate 
contact. This would materially affect the density and scattering of the carriers 
and the changes in Hall mobility would be very large, not only increasing the 
reliability and sensitivity of the measurements but also the effect of the ferroelec- 
tric property of the crystal would be reflected on the remits and this property 

166 
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of the crystal could be easily observed if the polarization of the crystal is 
gradually increased to saturation. An exjieriment of this nature has as yet 
attracted limited attention, ) 

EXPERIMENTAL 

Tellurium films on BaTiOg substrate prepared iising a conventional 
vacuum coating apparatus. The thicknesses 4f the films were about 0.7/e and were 
determined by the graphical method (Nand| 1954). The dimension of the films 
were l.OxO.5 x7.10~^ cm. As it is known frat the adsorption of a gas on the 
surface of a semiconductor affects the surflcc barrier, causing large changes in 
surface conductance, the films were therefore femoved to the experimental chamber 
within few minutes after preparation and a|[ing of the films wore done for more 
than twenty four hours until the constancy in resistivity was reached. In this 
way any contamination due to nitrogen and oxygen from air was precluded. 
The vacuum within the experimental chamber was as low as to 10“^^mnis. 
of merciiiry. A heater and a Cu-constantan thermocoupli' W(5re provided in the 
experimental chamber in order to measure the temperature and also to keep the 
sample at different fixed temperatures of the bath. 

The voltage and current measuring circuits were constructed following the 
standard circuit given by Pugh and Fonor (1953). The Hall and resistive voltages 
were of the order of 100 microvolts; this was measured very easily witJi a micro- 
volt potentiometer with a Liston-Bccker chopper amplifier and a wide scale mil- 
livoltmeter as output meter. In this arrangement a voltage of the order of 



Fig. L Sample bolder. 


0.1 HV could be measured. In HaU effect measurement, always the special 
feature is the construction of a suitable sample holder; the major dMculty 
2 
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appears at the contact probes, which have a tendency to scratch out the film. 
After several preliminary ^ trials this difficulty was finally removed by making 
a sample holder from syndanio board in which phosphor bronze springs were in* 
corporated at })rodotermined distances (Fig. 1). These springs not only made 
automatic (dectrical contacts of current and Hall probes but also kept the sample 
rigidly in position. But for siirity of good electrical contacts minute traces of 
acpiadag were used at the contact points. 



Fig. 2. Circuit diagram. 

For field effect measurement (Fig. 2) a thin copper foil was placed underneath 
the fiat face of BaTiO., crystal. This arrangement formed a parallel plate con- 
denser with the tellurium film as the top plate and copper foil as the bottom plate 
with BaTiOg as diloctric. The electric field could then be applied across the 
crystal and polarisation of the crystal could be effected by increasing the electric 



Fig. 3. Variation of and hole density with transverse electric field. 

field at a step of 15 volts upto 220 volts. Arrangements were also provided for 
d^larising the crystal so that fresh sots of measurements could be taken. The 
apparatus was standardised mth spec pure (Johnson and Mathey) copper foil. 
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The Hall ooefiSdent at 300°K was found ^ be —5.4xl0~^® volt cm. amp~^ 
gauss.-^ This is within one percent of thi^ value quoted by Jan (1955). The 
electromagnet was of aircooled type and the ijiaximum field for polo gap was 
limited to 8000 gauss. The magnet field 4as calibrated with a fluxmoter to 
within one percent. I 

RESULTS AND d| SOUS SION 

Fig. 3 shows the variation of Hall coeffi|ient Bjj and P (hole density/cm^) as 
a function of the applied field. The numbir of carriers rapidly decrease with 
increasing jpolarisation of the crystal. The mkgnitude of Hall coefficient for films 
of tellurium on glass and BaTiOa substrates deposited from the same p type bulk 
sample) of comparable thickness is different; is larger in glass substrate almost 
by a factor of 1.5 (Godefroy’s (1956) result with mica substrate is higher than the 
values of glass and BaTiO^ substrate). This difference is due to the contact of 
three different dielectrics on the surface of tellurium; this contact difference 
modifies the structure of tellurium and perhaps the surface states are also altered. 



E (In VoIch) 

Fig, 4. Variation of AP/p with applied transverse eleotric field. 

Fig. 4 shows the variation of resistivity with applied electric field. The 
curves A, B, C are obtained after depolarising the BaTiO^ crystal in quick succession 
by applying transverse A.C. voltage. The curves are almost similar in tiaturo, 



Fig. 5. Variation of field mobility with transverse electric field. 

only the saturation field of the crystal is different by about 10 volts. The crystal 
oones b»ck to its initial unpolarised condition after about twenty four hours. , 
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The field mobility (Fig. 5) is calculated from the expression : 

d Lcr 

Where Act is the change in conductivity per unit area of the surface and Q is the 
charge induced on the surfacje. dQ is found out from the measurement of applied 
voltage, dimension of the specimen and the capacity between the film and the 
field plate; the capacity is quite high in the present case because of the high 
dielectric constant of BaTi 03 crystal. This is a particular advantage over the glass 
substrate samples, because the BaTi 03 substrate introduces a reliability in the 
measureiiuuit of capacity which is a common source of error in field effect experi- 
ments, The field mobility increases at higher fields. The lowest value of field 
mobility is higher by a factor of three from the values quoted by Ghosh (1961) 
for glass substrate samples. The present values compare well with similar results 
on mica substrate (Godefiroy, 1956). 

The field mobility results can also be utilised in calculating the surface state 
density. Shockley and Pearson (1948) have shown that the surface state density 
of the films of a semiconductor is given by 

where the units are Ngjcm^ volt, /^cm^/volt-secj, L cm, V in volts, and <r mhos, Sq 
coulombs/cm^, e = 30.6 for tellurium. N from the present results yields a 
value 16 x lO^^/cm^. volt. This is about twenty times higher than the value for 
^)-germanium quoted by Pearson and Shockley (1948). Our result is quite 
expected since tellurium is nearly metallic, so that the density of surface states 
should bo higher than the corresponding value of p-Ge. 



Volts -4 

Fig. 6. Variation of Hall mobility with transverse electric field. 

Fig. 6 shows the variation of Hall mobility jLt with applied field. in- 
creases with increasing polarisation of the BaTiOg crystal. Hall mobility is also 
higher than the field mobility. Both these suggest that the increasing number of 
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carriers are made to conduct in the space chaige layer duo to the large scattering 
of the carriers. It is also interesting to not# that the magnetic field variation 
also shows a large change of (Fig. 7). Tlus|rariation is small in glass substrate; 
but in BaTi 03 this variation increases with iiijcreasing polarisation of the crystal. 
The calculation of mean free path from Hall m(|t)ility data yields a value of 10^® cm 
at 300®K. This is quite small in comparison |o the thckness of the film and the 
size effect of the type suggested by Sondheimfr (1950) is not expected. But the 



The ratio shows a slight variation almost of the order of experimental 

errors. Our value is smaller by a factor of three from the results quoted by 
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Fig. 8. Band repreaentation showing position of the energy bands at the surface. 

Ghosh (1961) on glass substrate. Using the expression for surface state energy 
as deduced by Godefroy<« (1966) on the basis of discrete energy levels associated 
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with the surface, the energy of the surface states if as measured from the mid gap 
position at the surface, yields a value 0.09 c.v. below the mid gap position 
(Fig. 8). Tliis differs with the value of ^ in glass substrate as 0.10 o.v. and in 
mica 0.08 e.v. above the middle of the forbidden energy gap. 

The ferroelectric loop of BaTiOs crystal is observed in Hall effect and conducti- 
vity results, particularly the onset of saturation beyond 90 volts is clearly indicated 
in Figs. 4 and 5. The conductance and Hall coefficient variations are propor- 
tional to the induced charge hence to the polarisation P; both R and Ao" are 
therefore functions of polarisation. 
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ABSTRACT. In view of tho Apparent differesces in the results of Hall effect measure- 
ments on natural single crystals of graphite by diff^ent workers, it has been remeasured Avith 
some good crystals before and after the usual chemical purificatory treatments, adopting 
some special techniques. It has been shown that the Hall coefficient which is more or less 
independent of tho magnetic field before tho chemical treatments, shows irregular variations 
with magnetic field after these treatments and that such irregularities are beyond the limits 
of experimental errors. Posibility of these anomalies being associated with misalignments 
produced by chemical treatments has been indicated. 


INTRODUCTION 

Recent studies on the Hall effect in single crystals of graphite by Kinchin 
(1953), Berlincourt and Steele (1956) and Soule (1968) are very important since 
they could utilise their observations for deducing different electronic parameters 
of graphite and indicating (Soule 1958) tho existence of new types of carriers 
in it. Kinchin observed that in eases of all the three specimens of single 
crystals sutdied by him, Hall coefficient at room temperatures remained always 
negative and independent of magnetic field down to about 600 oersteds. Soule 
on the other hand observed that in case of one of the two specimens studied 
by him Hall coefficient remained negative and practically independent of magnetic 
field down to about 360 oersteds then began to decrease very sharply and became 
positive at about 300 oersteds continuing to rise sharply with further decrease 
of field. But in the case of the other specimen the coefficient remained always 
negative and practically independent of field down to very low fields (of the order 
of JOO oersteds). It may be mentioned here that Soule had eleven different 
specimens at his disposal and he classified them according to their purities on the 
basis of magnetoresistance measurements but utilised for Hall effect measurements 
only two which are not the purer ones. The reason for this might be the fact thit 
these two crystals behaved more or less similarly so far as magnetoresistance w^ 
concerned. Berlincourt and Steele who confined their measurements ui 
the liquid helium range only and at magnetic fields from 6 to 26 kilo-oersteds 
obtained an oscillatory field variation of Hall coefficient like Soule under 
similar conditions of temperature and field but no such behaviour was observed 
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by Kinchin at similar temperatures and upto the maximum field (10 kilo- 
oersteds**') used by him. Again, while Berlincourt and Steele (1955) obtained a 
negative (joefiicient for the average field variation of the Hall coefiicient at tempera- 
tures of liquid helium, that obtained by Soule (1958) under similar conditions 
is positive and in the case of Kinchin (1953) the Hall coefficient which was always 
negative at these temperatures first increased with field and then decreased with 
the further increase of field. Besides these the sign of the Hall coefficient is found 
by Soule to change from negative to p()sitive for both the specimens at low tempera- 
tures and moderate fields and for ono specimen at room temperature and very low 
fields. These low field variations are very important in view of some theoretical 
predictions (Soule 1958) and need careful consideration. Further, the specimens 
of natural crystals of graphite used by these authors are subjected to the usual 
purificatory treatments to removes all foreign impurities which, as has been pointed 
out by Ray (1959), considerably enhances tlie mosaicity in structure already 
present to some extent in these natural crystals, and thereby affects the electrical 
and magnetic properties appreciably (Bhattacharya, 1959). It is therefore natural 
to expect that Hall effect in grayjhito is also affected by these structural defects. 

In view of what has been stated above it appears therefore desirable to re- 
measure the Hall effect in graphite in order to obtain a set of values free from the 
said apparent contradictions fco that the data can safely be utilised for discussion 
in the light of different theories proposed. The present payxu* gives an account 
of those measurements at room temperatures and at moderate fields. The ob- 
servations at low temperatures which are in progress will be discussed in a subse- 
quent paper. 

EXPERIMENTAL 

The measurements described in this paper were taken with some flakes of well 
developed single crystals of graphite obtained from Ceylon as also with some thin 
pieces of extruded samples of graphite having the direction of extrusion either 
parallel or perpendicular to the plane of the specimen. These specimens wore 
cut into rectangular shapes before mounting them in the requisite holders for 
Hall effect measurements, taking care that no fresh structural defects are intro- 
duced by these cutting and manipulation processes. 

It may be mentioned here that for avoiding shorting effect in Hall effect 
measurements it is essential that the specimens should be cut so as to have their 
length to breadth ratio not less than 4 (Fig. 1) (Isenberg et al, 1948). Since in the 
present investigation it was not convenient to cut the samples in this manner, 
we avoided this difficulty by designing our holder in such a way that the distance 
between the Hall probes can be altered easily. By this process the ratio of the 

•From the curves published by Berlincourt and Steele and by Soule it is found that the 
oscillations are distinctly observable from fields of about 6.6 kilo-oersteds and at about 
10 kilo-oersteds those are very prominent. 
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distance between the two current contacts at ttie two ends of the specimen to that 
between the Hall probes can easily be made 4. To be sure that by this process 
we are able to avoid the shorting effect we nj^asured with such a holder the Hall 
coefficient of a piece of very pure bismuth for different distances between the Hall 
probes. Th e results are represented in Fig. |L wherefrom it can be seen that the 
experimental points follow the same curve as |^at of Isenberg etal (1948) and that 



12 3 4 

Fig. 1. Variation of Hall Coefficient with different l©ngth(i) to breadth (6) ratios. Full line 
curve is due to Isenberg and the points are from our observations. In our case the 
abscissa represents the ratio between 1 and distance between Hall probes fi. 

the actual value of the Hall coefficient of bismuth is obtained when the ratio of 
the distance between current contacts to that between Hall probes is about 4. 
Under this arrangement the Hall coefficient is given by 

Ab = ^ • y 10» c.g.8. e.in.u. 

where AF is the Hall e.m.f. in volts, i the current through the sample in amperes, 
H the magnetic field in oersteds, and ty b, and S are the thickness and the breadth 
of the sample, and the separation between the Hall probes, respectively , in centi- 
meters. 

Hall e.m.f. ’s have been measured upto magnetic fields of about 7500 
oersteds with a Pye precision vernier potentiometer reading down to 1 micro- 
volt. The superimposed magnetoresistance thermal and thermomagnctic effects 
have been eliminated in the usual way. The magnetic field was kept steady within 
1 part in 1000 of any particular value by the manual operation of a fine motion 
accurate rheostat utilising a standard ammeter reading down to 10 * amperes, 
the corresponding field being measured with the help of the magnecrystallic aniso- 
tropy of a paramagnetic crystal, so that an accuracy of 0.1 per cent (Dutta Ray, 
1964) is obtained. The current through the sample was measured by observing 
the potential drop across a standard one ohm resistance connected in series with 
the crystal. The thicknesses of the specimens were measured with a standard 
micrometer and the lengths and breadths with a travelling microscope accurately 
to one hundredth of a millimeter. In consequence, for differerit samples, at a 
given field the values of the Hall coefficients are subjected to a maximum error 

3 
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of about 5 per cent and the corresponding limit of error in the study of magnetic 
field variation of the coefficient for a given sample is about 0.3 per cent. 

Moasuremonts with each sample of natural graphite crystal was undertaken 
before and after purification. The process of purification was the same as already 
described (Ray, 1959). The extruded samples however were not subjected to such 
purificatory treatments. 

In addition to these observations an experiment was performed with 
a block of graphite made by stacking a number of graphite flakes one above the 
other and applying pressure on them. Current was passed perpendicular to the 
layers keeping the magnetic field transverse to the direction of current and Hall 
probes wore placed midway between the two current contacts. The data obtained 
from observations with such a specimen will no doubt bo far from reliable but the 
sign of Hall coefficient for current perpendicular to the basal plane will obviously 
bo obtained with reasonable amount of definiteness. Experiment was also per- 
fonned with a plate formed by pressing graphite powder. 

RESULTS AND DISCUSSIONS 

Fig. 2 represents the results of observations with single crystals of graphite 
before and after chemical purificatory treatments and Fig. 3 those with extruded 
samples, compressed plate of graphite powder and c-axis compact of natural 
flakes. 

It is observed in cases of single crystals that before purification the Hall 
coefficient is on the average practically independent of magnetic field within the 
range of fields used, except in one or two cases at higher and lower extremities of 
the field. But after the usual purification has been done the Hall coefficient in 
every case vary with the magnetic field, the type of variation being quite different 
for different samples (see Fig. 2). 

In order to explain these irregularities one may be tempted to associate such 
behaviours with the mosaicities in structure which, as is well known, (Ray, 1959) 
develop due to the chemical purification processes undertaken to remove foreign 
impurities from natural graphites. But before accepting such a view we took 
measurements with some polycrystaUine samples of graphite. An extruded sample 
of graphite with currents parallel to the direction of extrusion, whose electrical 
conductivity for this direction has more or less the same value as that in the basal 
plane of a crystal, behaves similarly as an unpurified natural single crystal (Pigs. 
2 and 3). But with direction of current perpendicular to that of extrusion, in 
whiph case the number of misoriented crystalline blocks affecting the electrical 
reufetivity will obviously be larger than in the earlier case, Hall coefficient is again 
seen to vary like those of purified samples of single crystals (Figs. 2 and 3). The 
compressed powdered sample which is evidently a highly defective crystal or a 
polycrystal also shows a variation of the Hall coefficient with field (Pig. 3). One 
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may tlierefore suggest that these irregularitie# in the field variation of Hall cooffi- 
cient are in some way connected with th^ crystalline defects. However, to 
establish a quantitative relation between the. defects and the deviations from the 
normal field variation of Hall coefficient a 4^tailed knowledge of the number of 



H in kilo-oorateds^ 

Fig. 2. Magnetic field variation of Hall coefficient of single crystals, Xg, Xq, Xj and Xg before 
and after chemical treatments. 

O —Before chemical treatment 
□ —After chemical treatment. 

misoriented blocks with a particular value of misorientation and the manner in 
which these can affect the Hall effect is evidently necessary. This indeed is very 
difficult. However we are trying to do this by utilising the method we have deve- 
loped for the purpose of finding the values of electrical conductivities and the mag- 
netic susceptibilities of perfect crystals of graphite from a study of these properties 
of defective ones. 

In this connection it would be interesting to reproduce here (Fig. 4) the room 
temperature observations of a some what similS'r nature by Soule (1968) who alone 
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among the earlier workers made such observations. His specimens were', as already 
pointed out, defective. Those irregularities as also their behaviour at low tempera- 
tures were explained by him as being due to the presence of some new types of 
carriers in graphite. 



Fig. 3. Magnetic field variation of Hall coefficient of extruded and compressed samples. 
Oiirve 1 — extruded sample, direction of extrusion || to the plane. 

„ 2 — -do- 1 to the plane 

3 — plate formed of compressed powder. 



H in kilo-oersteds.—^ 

Fig. 4. Magnetic field variation of Hall coefficient of single crystals at room temperatures by 
Soule. 


Curve 1 — Specimen EPxa 
„ 2 — Specimen 


It therefore becomes apparent that these irregularities which we intend to 
associate with crystalline defects should also be studied at low temperatures before 
any definite conclusion is drawn. Work is in progress in this line and the results 
wip be publidied (won. 
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It may be mentioned finally that the sign of the Hall coefficient has been 
found by us to bo negative at all fields wijbh all the different types of samples 
(single crystals, extruded samples, c-axis coiipact and powdered sample) studied. 

I 
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ABSTRACT. The crystallographic properties of nickel biuret and cobalt biuret com- 
plexes have been studied })y means of X-tay diffraction data. The powder diffraction data 
showed that both the complexes belong to the monoclinic system. The cell dimensions for 
nickel biuret is a 10.08 A, b -9.82 A, cr 4.31 A and p = 101'’18', while that of cobalt biuret 
is a=0.O6 A, b— ll.OoA, 0=11.23 A, and /? '110°5.5'. The systematic extinctions observed 
are consistent with the spatjo group P2i/a with two molecules per unit cell for nickel biui*et and 
P2i/c with two molecules per unit coll for cobalt biuret. 

INTRODUCTION 

Biuret is an organic compound derived from the products of the thermal 
decomposition of urea or urea nitrate. Because of its poisonous effect on some 
plants its presence in urea used as fertilizer is undesirable. 

Schiff (1896) first reported the formation of chelate complexes of biuret 
with Cii and Ni salts. These complex formations subsequently serves a very 
useful method for the estimation of biuret in a very low concentration in 
urea. It has also been found that biuret can be estimated most satisfactorily by 
complex formation with Co-salts (Sanyal and Pal, 1964). The behaviour of chelat- 
ing molecules and chelate complexes could ultimately be understood if the 
structure of the molecules are known in detail. Such question as the specificity 
(or the lack thereof) of a chelating molecule^ for inorganic ions, solubility, 
stability of the salts formed and many other physical properties could be easily 
answered only when the (^xact structures are known. 

In order to explain such factors a preliminary investigation on the crystal- 
lographic properties of these complex salts have been undertaken. 

EXPERIMENTAL 

The nickel and cobalt biuret complex samples were prepared in accordance 
with the method followed by the previous workers in this laboratory (Sanyal 
and Pah 1964). The samples were recrystallized from aqueous solution. 

X-ray diffraction patterns of the above samples were obtained in Phillips 
X-ray diffractometer PW1050/61 with Geiger counter as detector. Filtered 
CuK^ radiation and cobalt radiation with iron filter was used. The interplanar 
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distances of the lattices were calculated from the measurement on X-ray diffrac- 
tion patterns with maximum accuracy. 

The phase identification was done by the usual method of Hanawalt 
et al (1938). 

Interpretation of X-ray data : 

The X-ray data are given in Tables Il'>and IV. The powder pattern was 
indexed by Ito’s method (Ito, i960 ; Azarof^and Buerger, 196S). The interplanar 
spacing and corresponding Q values %ldhki) aro Usterl in Tables TI ami IV. 

Nickel biuret : f 

The first three lines in the Tables II w^e first selected as (2ioo> ^oio and $ 0 ^. 
Then the higher orders of these lines i.o. Q^, etc. wore computed. An 
inspection of the observed Q’s failed to show the computed values for these higher 
orders of Q i.e., Qsoo So it was decided to soloed other possible values 
for the pinacoidal Q’f-. Accordingly, the first throe linos wore selected as Q 200 
and Qooi' ‘^an be seen that the observed Q’s are in quite agreement 
with the calculated Q values for other higher orders of reflection. 

TABLE I 


Selection of Q 200 ’ ^020 and Qqqi 


Qhkl 

Computed 

Observed 

Error in 

Q200 


.0359 


Q400 

.1438 

. 1449 . 

-t-.oou/4= + .oooa 

Qeoo 

.3235 

.3235 


Q020 


.0412 


Q040 

.1849 

.1666 

1 .0017/4= + .0004 

Qogo 

.3711 



Qool 


.0541 


Q002 

.2163 

.2200 

-f .0037/4- + .0009 

Qo03 

.4807 




Prom the table it can be seen that 
Q 200 = .0369+ .0002 = .0361 == 2a** 

= .0412+. 0004 = .0416 = 26** 

Q 00 J = .0541 +.0009 = . 0550 = c** ’ 

The dimonsionB of the reciprocal cell then becomes, 
a* == .0948 a*. = 90“ 

5* = .1019 /?* = 78“41' 

c* = .2346 y* = 90“ 

Finally the other values were deterinined using the equajbion, 

= A*o**+l!*5**+l*c**=2AJfca*6* cos y+2klb*c* cos a*+21Ac*a*oo8 /?* (1) 
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TABLE II 

Final agreement of observed and computed ’s for nickel biuret complex 


Powder 

diagram 

line 

dA 

Q observed 

Q computed 

m. 

1. 

6.276 

.0359 

.0361 

200 

2. 

4.925 

.0412 

.0416 

020 

3. 

4.. 300 

.0541 

.0550 

001 

4. 

3,910 

.0654 

.0654 

oil 

5. 

3.690 

.0734 

.0734 

2or 

6 . 

3.427 

.0851 

.0812 

111 

7. 

3.340 

.0896 

.0916 

310 

8. 

3.230 

.0959 

.0966 

021 

9. 

3.160 

.1001 

.1034 

421 

10. 

3.122 

.1020 

,1026 

130 

11. 

3.040 

.1082 

. 1082 

201 

12. 

3.000 

.1111 

.1124 

121 

13. 

2.866 

.1217 

.1228 

320 

14. 

2.820 

.1257 

.1297 

230 

15. 

2.772 

.1301 

.1304 

402“ 

16. 

2.730 

.1342 

.1310 

132 

17. 

2.627 

.1449 

.1438 

400 

18. 

2.522 

.1572 

.1548 

410 

19. 

2.450 

.1666 . 

• 1649 

040 

20. 

2.400 

.1736 

.1748 

330 

21. 

2,327 

.1847 

• 1830 

I 2 T 

22. 

2.242 

• 1989 

• 1980 

321 

23. 

2.217 

.2035 

• 2025 

240 

24. 

2.132 

•2200 

• 2163 

002 

25. 

2.069 

•2336 

.2304 

012 

26. 

2.045 

•2391 

.2372 

141 

27. 

1.930 

.2685 

• 2678 

421 

28. 

1.824 

.3006 

• 2936 

212 

29. 

1.758 

.3235 

•3235 

600 

30. 

1.681 

•3539 

• 3522 

312 

31. 

1.605 

.3882 

.3864 

042 
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The direct cell dimensions are as follows : 

a = 10.68A a 00° 

b = 9.821 fi 101 °18' 

c = 4.31A 90° 

Tho crystal therefore belongs to the moioclinic system. The indexed powder 
pattern showed the following aysteniati<| extinctions. 

I 

1. OiO absent when k is odd. | 

2. AOO absent when h is odd. 

3. hOl absent when h is odd. 

{.* 

r 

The space group indicated by these data is P2i/^— 0^2^. 

The observed density of 2.653 gm cm“^ indicates 2 molecules per unit coll; calculated 
density = 2.54 gm cm“®. The molecules must be centro-synimetrical with 
nickel atom at symmetry centres. 

Cobalt biuret : 

In this case first three lines in Table IV was selected as Q^qq, ^q 2 o Gooa- 
It can be seen that the observed Q’s are in quite agreement with the calculated 
Q values for other higher orders of refiection. 


TABLE III 

Selection of Q^oq, Q 020 and 


Qlikl 

Computed 

Observed 

Error in Qhkl 

QlOO 


.0312 


Q200 

,1248 

.1245 

-.0003/4 =-.0000 

Qsoo 

.2809 

.2805 

-.0004/9 =-.0000 

Q020 


.0329 


Qo40 

.1317 

.1322 

+ .0006/4 =+.0001 

Qoeo 

.2964 

.2980 

+ .0016/9 = + .0001 

0 

0 


.0365 


Qo04 

.1469 

.1467 

-.0002/4= -.0000 

Qo 06 

.3284 

.3280 

-.0004/9= -.0000 


From the table it can be seen that, 

.0312+.0000 = .0312 
Qm = .0329+. OOOl = .0330 
©004 = .0364+ .0000 = .0366 
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TABLE IV 

Final agreement of observed and computed ’s for cobalt biuret complex 


Powder 

diagram 

lines 

dA 

Q observed 

Q calculated 

hkU 

1. 

5.660 

.0312 

,0312 

100 

2. 

6.510 

.0329 

.0330 

020 

3. 

5.235 

.0364 

.0364 

002 

4. 

6.036 

.0394 

.0394 

110 

5. 

4.990 

.0401 

.0400 

202 

6. 

4.890 

.0419 

.0419 

021 

7. 

4.820 

.0430 

.0430 

10^ 

8. 

4.780 

.0437 

.0444 

132" 

9. 

4,490 

.0496 

.0447 

012 

10. 

4.420 

.0511 

.0481 

2iT 

11. 

4.160 

.0577 

.0606 

111 

12. 

3.996 

.0627 

.0642 

120 

13. 

3.645 

.0753 

.0728 

222 

14. 

8.310 

.0913 

.0913 

102 

15. 

3.260 

.0941 

.0903 

013 

16. 

3.120 

.1027 

.1000 

112 

17. 

3.060 

.1068 

.1050 

130 

18. 

3,020 

.1096 

.1103 

032 

19. 

2.834 

.1245 

.1248 

200 

20. 

2.785 

.1289 

.1262 

131 

21. 

2.760 

.1322 

.1320 

040 

22. 

2.680 

.1392 

.1403 

041 

23. 

2.620 

.1457 

.1459 

004 

24. 

2.245 

.1984 

.1986 

230 

25. 

2.214 

.2040 

.2096 

202 

26. 

2.114 

.2238 

.2252 

104 

27. 

1.888 

.2805 

.2808 

300 

28. 

1.810 

.3052 

.3013 

036 

29. 

1.796 

,3100 

.3122 

223 

30. 

1.772 

.3186 

.3138 

320 

31. 

1.746 

.3284 

.3284 

006 
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The dimensions of the reciprocal cell thus becomes, 
a* = .1766 a* =s 90® 

6* = .0906 /?*^69°4' 


.0964 


r*=^90® 


Finally the other values were detorm|ied using the equation (1 ). 
The direct cell dimensions are as follow!: 

a= 6.06A a =190® 

b = ll.OSA 
c = 11.23A 


y 


10®65' 


::c90® 


In case of cobalt biuret complex the crystal belongs to the monoclinic system. 
Tlie indexed powder pattern showed the following extinctions. 

1. oko absent when k is odd. 

2. ool absent when I is odd. 

3. hoi absent w'hen I is odd. 


The space group indicated by these data is P2i/c— 

The observed density of 2.542 gmcra~® indicates two molecules per unit coil; 
calculated density = 2.436 gm cm“®. 
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ABSTRACT.. Exprossions for susceptibility and anisotropy of trigonally distorted 
Fo*+ complexes are deduced on the basis of the molecular orbital theory of Van Vleck (1935), 
Stevens (1953) and others (Bose ct uL, 1960) and compared with the experimental results 
obtained by Mazumder et n/., (unpublished) and Jackson (1959) on FeSiFo, OH^O consistently 
with structural and spectroscopic data. It is found that the spin-orbit (;oupliug coefficients 
have to be decreased anisotropically from its free ion value indicating an anisotropic overlap 
between the central 3d and ligand s- and p-eharge clouds. The increase in trigonal field 
coefficient A with temperature from a value of —1030 cm-i at 7.85‘'K to -350 cm-i at 300^'K 
in FeSiFfl, GHoO is probably due to the thermal expansion and relaxation effects of the crystal 
lattice. 


INTRODUCTION 

In Fe^+ Tutton salts the assumption of a smal Itetragonal ligand field, compar- 
able in magnitude to the spin-orbit coupling, superposed upon the predominant 
cubic field acting upon these ions, is found to give reasonable agreement with 
magnetic susceptibilities and anisotropies (Bose et al, 1961b). Pallumbo (1958) 
has tried to fit Jackson’s (1959) susceptibility measurements of FeSiF^, GHgO in 
the range 2®K to 77°K assuming a trigonal distortion of the field and with a formula 
based on the spin Hamiltonian approximation. This is not very satisfactory and 
also cannot explain quantitatively the detailed mean susceptibility and anisotropy 
measured recently in this laboratory. So we have deduced in the present paper 
expression for magnetic susceptibility and anisotropy of trigonally distorted 
[Fc*+, 6 H 2 O] complex on the basis of molecular orbital theory of Steyens (1953) 
and Bose ef aZ (1960). The susceptibility measurements of Mazumder eZ aZ (un- 
published) and Jackson (1959) (accurate to better than 0 . 6 %) have been used 
to evaluate the theoretical parameters. It may be mentioned here that this salt 
belongs to the trigonal class (Pauling, 1930) with a single trigonally distorted 
[Fe*+, 6 H 2 O] octahedral complex in the unit cell, so that the principal ionic 
susceptibilities of this complex Ki* (i = || or to the trigonal axis of the 
complex) can be directly obtained from the measured principal susceptibility 
values of the crystal. 
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MOLBCULAB ORBITAL THEORV OF TRIGONALLY 
DISTORTKD (Po»s6HjO) COMPLEX 

Under an oetahedral field of the tj^pe- O 4 , ground state of the free 

ion Fe 2 + splits up to the extent 10580en|f^i (Agnetta et al 1962) into a triplet 
and a doublet arising out of tlu^ configurations (considering a system 
consisting of four d holes)* (c^)- {Ugf and:^e^)^ (t^gf respectively. The triplet 
state lies lowest, whose deterininantal wavefunctions are (considering only 
the orbital part); ^ 

K 

= •" C) 

'h ==!«« e* <'a h\ 

which are inclusive of the ovcrla}) of the surrounding liganrl .s- and p- orbitals 
with (‘eiitral rf-orbitals as given by : 

t(i I" «> ( ] ^7/4) 

I A 

ea = ^'[ d/._y^+ (rri 4 .(r 4 - cr,-£r,)] 

e 6 -iV'[ cisArH 2^^(2<r3+2(r6-cri-(r4-<T*-(T5)] 

whore N\ are normalizing constants, A’s are the measure of the amounts of 
admixtures of the ligand .s*- and /j-orbitals with th(i (central d-orbitals. Hero all 
( 7 -bonds are described by using z- coordinates; and 7 r-bonds by using x and ?/-coor- 
flinates; allz-axes of the ligands pointing towards the metal atom. 

The appropriate eigan states for the lowest triphd on quantizati^m along 
the trigonal axis are 

I + ^ = - ^ fw I i + i ^ 

I - ^ ^ [w* I +W I 


... ( 3 ) 
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where «t = oxp^ j and ijr^ etc., are given by (1). The overlap of the 

surrounding ligand ^-and ^-orbitals with the central d-orbitals introduces two 
orbital reduction factors defined by Griffiths (1961) 

I I ^X I ^ ^ 

I ^X 1 ^^2/* 1 ^X 1 ® ••• W 


= 0 

where and e\ are the original d-orbitak and and arc those admixed with 
the surrounding ligand orbitals, k and k' arc orbital reduction factors generally 

unequal. On actual calculations of matrix element^ 1 I ^ 

BO long as we are confined only to state of Fe^^, only the factor k is of impor- 
tance since k' does not occur, and the anisotropic reduction in (i = |1 or _L 
the trigonal axis of the ion) the spin-orbit coupling parameter from its free ion 
value is mainly due to the overlap of Tr-orbitals with the central d-orbitals. 


FINE ST.BUCTUBE 

It can be shoxvn that the set | + ^, 1^ ^ I “ ^behaves as atomic 
P-state having = 1,0, —1 respectively and so the appropriate Hamiltonian 
for the lowest triplet state of the ion is (Abragam and Pryce 1951) 

H - - (S) 

where L^; is along the trigonal axis of the crystal and L^, Ltf, form a mutually 
orthogonal right handed set. a and a' are the effective orbital Lande' factors 
(Abragam and Pry CO, 1951; Bose et alj 1961a) parallel or perpendicular to the tri- 
gonal axis, respectively, and includes the effect of the excited state upon the 
lowest ®Tj[ ; (i = || or J_ to the trigonal axis) is the spin-orbit coupling coefficient 
reduced from its free ion value of — 106 cm“^ due to covalenoy. Operating with 
the above Hamiltonian upon the atomic ®P term and solving we get the eigen 
values and the new wavefunctions as follows : 

^0 = i[(aCll +A)-{(aCi|-A)»-f24a'»^*}>] 

El = 

E, = *[(A-af||) -{{A-f-a^l,)*+8a'*£t*}*] 

Eg = 

•®4 = «fll 


... ( 6 ) 
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Eb == i[Kll+A)+M||-4)*+24a%*}i] 

■®6 = 

E, = H(A-ag„)+{(A+ag’|)+8a'^^a}»] 

Eg — — 2a^ii I 

where x/s are the roots of cubic eqn. : ) 

x»-z^(2+S)+(2S-5p^x+6p<^ = 0 

I 



and A is the trigonal field separation bet\feen the split components (a doublet 
and a singlet) of the triplet 

The corresponding eigenstates are 

^o==«o|l. —1 ^ +^'oiO. 0^ +ao|-l.l^ 

<f>, =-ai|l,0^ +b,\ 0 , 1^+Cil-l, 2^ 

-1. oy+b,\o, +ciii, - 2 y 

^8 = fig 1 1> “t"®2 I 2 ^ 

<^2- = 621-1, -1^ +*810, -2^ 

5^3 = aall, 0^ +63IO, 1 y +C3I -1, 2^ 

^8 _ = ®3 1 — 1» 0^ +63 1 0, — 1 y d'Csi i> ^y ••• (®) 

S> 4 = ^|1, -1>- 

'Y/2 ^ \/2 

^3=^0 11.-i^-a/^oIO,o^+ +^y 

^g = ag\l.oy +b,\ 0 , l^+c,|-1.2^ 

= o, 1 -1, 0 +6, 1 0, -1 ^ +c, 1 1. -2^ 
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where 


and 


= 2 )> 

^^_ = a,\-l,-iy-h\0, - 2 ^ 
5*8= |1. 2^ 

?*«_= \~i,- 2 y 


aj = - cj ; «/-l V+c/ = 1 

V 2 Ej 

= ; = 1..3,r) 

\/2? 

«S! = *2 ! V + V == 1 


( 9 ) 


EXPRESSION FOR SUSCEPTIBILITY 

As usual calculating the effect of the magnetic perturbations f}H(—aL 
-\'2S) upto the second onhu*, we get the (expressions for principal magnetic sus- 
ceptibility K^{i = II or J_ to the trigonal axis of the crystal) as given below : 

^ % [ y{^_S^^^2[«K,|(c,*-«/)426/+4c/P exp (- 


+2[6**(2-aKiO+4a,2]2 oxp (- 
+2[as*(2-aK„)+46,*]*exp 

+2[(4^aK|,)*3 exp } 

(■_ ?rf.) 


... ( 10 ) 
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+ 


2 a^V( 2 +^jj)i 

Ej — E^ 


exp ( - ®XP ( - 


E j—E^ \ 

' kT I 






W'hero 


C?2i^ = jBsi+iJji; 622® = 6*2?®— —Rt 3 —Ri 


SI 


o _ 2laK\\{CiCj-aiaj)+2hibj+^iCjf 
ity - Ei~Ej 


... ( 11 ) 


p 0 2 a„*( 2 -l-aK|i)_*_ V( 2 +?'‘ii)^ 

" E^-Eo E^--E^ j 

»■= [.+20XP (- V") ^ (- %*”) +^“P (- V") 

+.xp (- ^") + ..p (- V") “P (- v-”) 

+2»p(-5^-^")42.xp(-?^?.)] ... (121 

I 

[ ^ 2 J‘+Gzx^oxp (- ® j + exp (- ®) 

+02.® exp (- :®®^^®) + <?*,* exp (- 
+G'2«® exp ^ +^*«* exp ( ) 

+g< 2 ,’ exp +®*»® (" %.r“) ] 


... (13) 



180 


A. Bose and R. Rai 


= «2|1. 1^-6*I0, 2^ 
j5,_ = a2|-l, -1 y-b,\0, -2y 
<5s= |1. 


where 


and 


?>«-= 1-1, -2^. 


2«.HV = i 


= 


^/2Ej 


6^. = Cj. j = 1.3,0 

\/2C 


(9) 


EXPRESSION FOR SUSCEPTIBILITY 

As usual calculating the effect of the magnetic perturbations fiH(—aL 
4 2S) upto the second order, we gt^t the expressions fer principal magnetic sus- 
ceptibility Ki(i = II or JL to the trigonal axis of the crystal) as given below : 

.2t«MW-V)+'2»,“+VP «.p (- 

+2[6g2(2-aK|i)+4ag2]2 exp ^ 

+ 2 [«, 2 ( 2 _aK„)+ 46 , 2 p exp [ - 

+2[(4-^aK||)^]exp(--®^‘>)} ... (10) 

+ 2 i{ 22 ^^ + V (~ ^) 
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2ffl,V(2+aK||)2 g 3 /_ E,-E, \ 

E,-E, ~Fr -"If- / 


.0 I- ?jr±o \ V(2+«M !_ E,-E, 


-{■GJ exp 


¥g±“^oxp(- 
]r E^-E^ ^ \ 




E,—E^ 


where 


0^ — ■fisi'I'-Rsi) G^j^ — Eii’VE^z't — -^03 -^6 

P _ 2raKii(CiC^— ajfl;j)+26f6^+4CjCj]* 

Kii —Ei-Ej ^ 


... ( 11 ) 


/Y 0 __ 2V(2+aK|!)* _V(2J 

“ - - i' - 


= [,+2«p (- Y/") (- V”) +-«P (- V-) 




+'^P (- t) ^ (- Tf- ) (- V“) 


[g.."+o„‘.»p (-\j,-“)+<V«p {-%/‘) 


+o»’ “P (- \m~°) + ®^P (“ %F°) 


+0„‘eip (-^5jj,^")+0»,'oxp 


+e„.»p(-Ig®")+o„-»p(-^*)] - (13) 
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whoro 


(1 0 ^ _ 01 _U - “^03 _ 1 ^^06 

^ 2 X lA " T? ^ 1 ? W ' W V 
" 1 — ^0 " 6 — "0 


9/|2 9/?2 ‘>>42 ‘>>42 > 7?2 

TP IP ' IP V ^ P P TP IP ~ TP 

iL ^ — JldQ 2 ^ 2 — "1 " 4 — "1 " 6 — "1 " 7 — "1 


>/ 2__ , 2/{,3‘" a. 21^3.* ^ 2(26.3 -aV^«3V5 

IP TP ' TP TP ' TP TP TP TP 

1^2 -^1 " 3 — -^2 -^ 6 — “^2 -^ 8 — -^2 


^ir 3___ *-^03 

l7o4> ^ 


2^ 2 2^332 , 2/1 2 , 2 A,^ , 2j5„2 


—^3 I ^^*53 I 
yr T,T r M f .1 I 2/1 


Jf’ 15^ I/’ TP ' TP TP ' TP ' TP TP 

-^ 3"“ -^2 ■^ 4“^3 " 6~^3 


O J 2 ‘>42 9 J 2 

^ 4 ^ -^-^^43 I -^^ 4 « 


A’, E^-E^ 


OJ^^-IAaL- 4 . 2^56* 

ii’s-A’i .Eb-A’* ^ .^b-A’b 


2 /J„b 2 _ 2 j 5 .,e=» 2 A,P 


2 A,P , 25,^2 


— 0 ” _ r :! L 26 _ _ 4_0 __ __»6 L 76 

E\-~E^ E,-K, E^~ E^ E^-E,'^ E,-E^ 


Q ® — - 
« 2 * — 


0» 2 
"^71 

2B,,^ 

2B,^ 

E>j~~ E^ 

Ey—E^ 

E,-E, 

2 / 2 ^ 2 — 

a'Kj.6^\ 2 

2 ^ 262 - 

\ 

V2 / 


-E, 

E^-. 


2 / 2 ffli_ “-■^ 62^2 


E^-E, 


V 2 


where 




■®ai = ('v/ 6 Vi+ 2 a 25 j)— ( 636 ^+ 0 * 0 ^) 

■ 4 *^ == VBaj+ V^i 


( 16 ) 
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2ugbj) — (bfihj — 2(tf,nj)-{- ‘^2hgbj 

> 

^7j ~ (\/6tt2^j ^b^bj) (bj(i2 Cjig) 


fir - V A|-UE S 

If we take A to be positive, on inclining the spin-orbit coupling a doublet 
{<Pv 01-) comes to occupy the lowest jxisition giving gru 8 and 0 (Bose 
et alf 1961b) which requires K[\ to be greaier than Recent neutron diffraction 
studies of the salt (Hamilton, 1962) seem to indicate that the trigonal axis of 
fFe^S 6H2OJ cluster in this salt is elongated and we would expect a priori that 
Oil > 9i as roughly calculated above. On the contrary, the magnetic measurement 
definitely shows that the trigonal axis of the crystal sets normally to the magnetic 
field and hence Xi > XW cr Kx > A^n (since the unit (;ell contains one ion only). 
This shows that the criterion for gi\ > or < gi depends on other factors as well 
in addition to ligand distances e.g. the charge densitic^s overlap etc. Also, it is 
evident that A must be negative. 

For a negative value of A the wavefunctions, as arranged in (9), are in the order 
of increasing energies and the singlet lies lowest with doublet (^^j, 0,_) close to 
it. The system behaves for most purposes as with effective cpin 1. .gr- value 
expressions are 


them 


g\\ = ['aK||(Ci®-fl,*)+2V+4Ci®] 


... ( 16 ) 


= \/2 [ '\/6(<Tq/'/x I ) — ~~ bj^^) -j- 2 Cj^q 

^ \/2 

No experimental resonance data fur gij, gx on FeSiFo, 6H2O are available. 
However the mean value == 3.30 calculated indirectly from susceptibility is 
close to Low’s result (g = 3.41 ; Low, 1960) on hexacoordinated Fc®+ ion 
embedded in MgO. Crystal field in this latter salt is perfectly cubic, which along 
with spin- orbit coupling alone is not sufficient to remove the degeneracy of the 
ground level ; three-fold degeneracy remains in the ground state, which is res- 
ponsible for Jahn-Teller instability. An isotropic g-value is obtained (Low, 1960, 
Opik and Pryce, 1951). In FeSiFflOHgO however, this degeneracy is partly 
lifted by the introduction of the trigonal field ; the gr- value becomes anisotropic. 
It appears that the introduction of the trigonal asymmetry iri the ligand cluster 
does not make much difference in the mean ^r-value from the above cubic case. 
These values may be compared with the mean jr- values for A in 
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Fe(NH 4 S 04 ) 2 , GHgO (g = 3.0 Bose et al 1961&) and FeFg embedded in ZnFgC^ = 
2.99 ; Tinkham, 1955) in which the Fe2+ ions have approximately tetragonal 
and orthorhombic symmetry, respectively. 

DISCUSSIONS ON EXPERIMENTAL MEAN 
SUSCEPTIBILITIES AND ANISOTROPY 

Symmetry considerations of the ligand chisters discussed above apply in 
general equally to the magnetic susceptibility and anisotropy. The theoretical 
parameters A, afii, and aK||, fitting the experimental magnetic mean sus- 
ceptibility and anisotropy have been uniquely calculated within an error of 
about 0.6% by extensive trial and error method described elsewhere (Bose et al, 
1964) consistent with spectroscopic absorption data. 

The coefficients a, a', f||, ^ and K||, can not be calculated separately 
since they appear as products, in the equations mentioned above, though reasonable 
estimates may bo made of the anisotropic reductions in the ideal values of the 
coefficients, namely ^\\ = = — lOOcnu^ for the free ion, a == a' = 1 in a 

cubic field and K|| = =1 for no overlap. 

The level (^ 3 ,^ 1 -) just above the ground level starts getting depopulated 
quickly in the liquid hydrogen temperature range (energy separation being ~ 
lOcni”^), causing a comparatively rapid fall in experimental effective moment 
square p versus T curve, as also a hump in the versus T curve in 

this region. No thermal phase transition has been observed in this salt as in the 
isomorphous Co^^ (Bose et al, 1965) and Cu^^ fluosilicates (Mazumder et aU 
unpublished). The experimental data for both mean susceptibility and aniso- 
tropy fit nicely with a unique set of theoretical parameters (given in Table I) 
at each temperature in the entire range 300"'K~7.85''K, only when A is made to 
vary with temperature and a temperature dependent field separation A with a 
continuous increase from — 1025 cm”^ at to — 350 cm**^ at 300°K is 

taken. The variation in A is apparently somewhat exaggerated since wo as- 
sumed the anisotropies in the other parameters though related to A, as indepen- 
dent of temperature for the sake of keeping the uniqueness of the trial and error 
calculations. The cubic and the Coulomb fields may of course be reasonably 
taken to be independent. The said exaggerated variation in A might be reduced 
reasonably if we had independent thermal variation data of spectroscopic 
absorption or para-magnetic resonance. But in the absence of these we are not 
able to make further refinement for the present. 

One apparently anomalous situation needs a further remark or two. As 
seen in the case of FeSiF^, CHgO the relative elongation or contraction of the axial 
principal directions as observed by neutron-diffraction does not seem to have any 
direct bearing on the relative magnitudes of the susceptibility tensors, as frequently 
assumed by many workers, A further example is provided by the recent accurate 
X-ray investigation (Grimes et al 1963) on JJi (NH 4 SO);j, 6 H 4 O, indicating a strict 
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tetragonal symmetry of ^> 1 ^ 20 ] <^‘lnstors, whereas both the paramagnetic 

re»onanc?e and magnetic anisotropy measurements indicate a rather large ortho- 
rhombic symmetry. Moreover, the ted^ragonal axis found by X-ray is quite 
different from the approximate tetragonal^axis found froni anisotropy and reso- 
nance ca](!ulations, and again the X-^y data gives the tetragonal axis as 
elongated; whereas/ the approximately ^tetragonal magnetics tensor axis is 
characterised by ^ 

Ki.{^ Ki x A’'ii(= A”.,) 

I 

This is not surprising if wo not(! that tho|b.nisotropio ligand field offoct upon tho 
central ion is not a function of distance a|one hut is (pdte scmsitivoly dependent 
upon small ligand charge orientations add overlaps. 

TABLE T 

FeSiFt,,bH20. Temperature variation of moan moment 8(| (p^ and) 




anisotropy 7^11^) 


Temp. °K 

Aem-i 

Px2-Pl,2 

p2 

Mean 





(jr.v'^aluo 

300 

-350 

0.76 

27.64 




(0.7.3) 

(27.00) 


180 

-760 

8.84 

27.66 




(8.80) 

(27.53) 


140 

-925 

9.90 

27.40 




(9.92) 

(27.40) 


20.4 

— 1000 

26 . OS 

24. 55 

3.30 



(25 . 64) 

(24.40) 

(3.34) 

14.2 

-1025 

26.71 

22.97 




(26,62) 

(22.99) 


7.85 

-1030 

26.00 

19.86 




(26.06) 

(19.88) 



The values within paranthesos are from experiments of 1^. C. Jackson (1069) and 
Mazumdor et al.^ unpublished. 


a^jj =: Pji = — 104 cm."'^ 


aK\i =r Q(| = 0.50 

1 


oc'Cx = Px =~98 cm'-i 


a'K^ = Qj^ = 0.70 
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APPENDIX 

Expression for a and a' in the case of 

Wavefunctions of the lowest triplet state of Fe*+ under trigonal field, which 
admixes the excaterl doublet with the split doublet component ofTj,, say 
T 2 g± is in 1 LMi > scheme are, 

)*'+ = « [Vrl22>— Vs |2-1>] +'[Vs |22>+V| |2-»] 
e-- «[ V| |2-2>+Vj |2l>] [Vj |2-2>-V| i21>] (1’) 

^0 = I20> 

So that a oaloiilation flimilar to Pryco for Co^^ (1951) yields 

a = e^+2\/2eT 

a':=e-V2T ... (18) 

eM = 1 


Expression (18) is applicable in all the cases where the lowest state is JD-stato and 
the asymmetric field is a trigonaJ one. 
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ABSTRACT. This paper deals with the determination of the distribution of layers 
in wool assuming it to belong to the Holil-raiim system, substanees packed in layers with free 
spat^es in between. In a paper by one of us, (Ratho, 1061), Ouinier methods (1037) have 
been applied to determine tho thickness factor in wool. In the present papt'r wo have 
assumed a particular thickness factor of 61 \ or 94 A, for \ =1.54 A, as the mean thickness of 
layers which is also tho probable mean tliickness of different samples of wool belonging to 
the general micelle system. Porod (1949) in his paper on sufdi systems has introduced a 
relative fluctuation factor S given by 

3 whore do is the mean distance between layers, A —{(d—do)"}^'^ is the root 

do 

mean square fluctuation and d is tho distance between any two loyers. have 

here tried to find out the relative distribution by (calculating the theoretical scattering 
curves with different relative flwjtuation factors 5 “-0.2, 0.4, 0.6, and 0.8, for the thickness 
factor of 61 X and have tried to show the agreement between tho thoorc^tical and tho experi- 
mental results. Wo have also drawn tho theoretical curves with those four fluctuation factors 
for two other thicknesses of 40 \ and 80 X which are also probable as they give rise to a moan 
thickness about 61x. It is found that with tho moan thickness of 61x alone tho thoorotical 
and the experimental scattering curves, agree most in the high intensity region when 
8 =0.4 and in the region of low intensities when 5 =0.8. From this one can conclude that 
the thicker layers in the sample occur more frequently than the thinner ones, 

EXPERIMENT 

The substance investigated is a sample of wool of the variety Scottish Black- 
face from England. The experimental arrangement and the procedures were the 
same as reported in the paper referred to above (Ratho, 1946). As wool is an 

oriented substance one can proceed with the smeared-out intensity , /, no slit 
correction being necessary. The experimental intensity I is converted to a sca- 
ttering function • as after Porod (1949) where we have takei^ I 
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where in the incident intensity and /S is a scattering factor ; represents 

the experimental value of the scattering function (l>{8) and 






47r0 

T 


for 0--> 0. 


The scattering angle 0 is roiiresontod in terms of ji where 

/f — 2447r0. 

Tht> and // values are shown in the Table I, the angular range studied 

being from 

0 = 0.27 X lO”^ to 0 = 3.93 X 10"^ in radians. 


THE O R Y AND D 1 8 C U S S I O N 

A large volume of theoretical and expcTinienial works on densely packcid colloidal 
systems have been published by Kratky (11)38) and Porod (1949). The scattering 
of fibrous substances like regiuierated cellulose and wool have been treated after 
Babinet’s reciprocal relation in optics and they have come to the conclusion that 
scattering should not come under particle-scattering while interparticdo-scattering 
plays a predominant role. Porod (1949) in his paper arriverl at a scattering 
function 0(«)2i;,, theoretically which can be split up into two functions and 
^2 whore 

0(.v)y/,, = -^2 

Hero (j)i represents the particle-scattering while represents the interparticle 
scattering. 

Assuming the particle scattering to be completely absent one can represent 
the theoretical scattering function, after certain approximations, 

= - 02 as 

n 


dflsU, = (1 -cos cosh ^2^2/2) 
(cosh /i2^-~COS/«)2 


where // = sd^. 

For small values of 0 and for a mean thickness e?o of 61A it can be easily seen that 

jLt = 244;r0 

From the experimental measurements one gets the scattering intensity I which 
can be represented as 


I = Io^0(«)jS7a; 
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where ia the incident intensity and 8 is the scattering factor as before. Since 
Iq8 is the same for the same substance af^d for the same incident radiation, we 
have taken its value to be 175 so that on^ of the points of the theoretical curve 
is made to coincide with the correspoiK^ng point on the experimental curve. 

values have been compared with values for different values of fi 

according to the above formula in Fig. 1.^ 


1 -/^CURVC 

loS* 175 
a Six. 



Kig. 1. 

We have tried to get a good agreement between the theoretical and the experi- 
mental curves by taking four different values of 8, the relative fluctuation factor, as 
equal to 0.2, 0.4, 0.6 and 0.8 for a thickness factor of 61 A. For every one of these 
values the theoretical curves are drawn to the same scale in the same figure along 
"with the experimental curve (Fig. 1, Table I). It is seen flrom the figure that 
6 
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when the mean thickness is 61 A there is good agreement between the theoretical 
and the experimental curves in the high intensity region if S = 0.4 and in the low 
intensity region when ^ = 0.8. 

Wo Jiavo also tried to vary the thickness from 61A to 40A and 80A. The 
theoretical (f>(R)Tu values have been calculated and (p(s)jff^ versus /i curves have 
lieen drawn for oacli one of them for the above four values of 8 along with the 
experimental curve. These two sets of curves one for each thickness factor are 
not shown liere. Drawn to the same scale with the same constant factor I^S = 175 
for the experimental curve, in none of these two cases there is found to be good 
agreement between tlie tlicoretical and the experimental curves. 


TABLE 1 


/* 





8 = 0.2 

8 - 0.4 

8 - 0.6 

8 = 0.8 

0.178 

6.622 

6.858 

6.416 

6.033 

7.120 

0.213 

4.622 

4.612 

4.437 

4.062 

4.705 

0.284 

2.678 

2.648 

2.493 

2.114 

2.666 

0.320 

2.125 

2.118 

1.972 

1.636 

1.908 

0.355 

1 . 779 

1 . 735 

1.598 

1.280 

1.451 

0.426 

1.294 

1.282 

1.115 

0.834 

0.893 

0.533 

0.902 

0.863 

0.735 

0.503 

0.481 

0.622 

0.725 

0.691 

0.563 

0.367 

0.294 

0.711 

0.679 

0.578 

0.457 

0.287 

0.199 

0.834 

0 . 524 

0.506 

0.354 

0.206 

0.121 

0.900 

0.485 

0.440 

0.299 

0,162 

0.090 

1.067 

0.480 

0.411 

0.245 

0.116 

0.068 


DETERMINATION OP RELATIVE DISTRIBUTION 

It is seen that the relative fluctuation factor is 0.4 in the high intensity region 
and 0.8 in the region of low intensities corresponding to low and large angles of 
scattering respectively. It is wellknown that the inner part of the scattering curve 
is effected by the particles of large dimensions and the outer part of the scattering 
curve is effected by particles of small sizes. Again the principle of Statistical 
Independence after Landau (1958) demands that the relative fluctuation is inversely 
proportional to the square root of the number of particles in the macroscopic 
body, given by 

ME^ a 

do m 

where N is the number of particles in the macroscopic body. 
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The agreement between the experimental and the theoretical curves of scat- 
tering is satisfacory on the inner parts vrhen d ^ 0.4 Since tl)e inner part of the 
curve is obviously due to large sizetl particles and since the value of S is small, it 
means that N is large, i.e. the large sis^d particles are more in number. The 
outer part of the scattering curve corr^ponding to large angles is effected by 
particles of smaller dimensions. The |ery fact that a large value of 8 == 0.8 
satisfies the outer region according to tie above formula, N is small. In other 
words the number of layers corresponding to this region are small. Tliat means 
the small sized particles are fewer in nuinper. This amounts to saying that the 
large sized layers are more predominant. I Thus the agreement of a large 8 value in 
the outer region further supports the abuiidance of the large particles. Tlierefore 
it is very likely that tlie thicker layers lire more predominant than thc> thinner 
ones. 

It has been pointed out in a paper by one f)f us (Ratho, 1964) that 
th(»re exists probably two tyj)es of layers of micelle of thic^knoss of about 60 A 
and 125 A respectively. A rough relative distribution of layers can however 
be calculated from the above formula. 

If iV| is the number of thi<^ker layers and the number of thinner layers 
and if 8^ and 8.^ are the relative fluctuations for tln^se two types of layers respec- 
tively, then from the above formula 



where C is the constant of proportionality. Therefore the fraction of the thicker 
layers in the system is 






Since = 0.4 is assigned to tlu' thicker layer and <^2 = thinner layers, 

we have 


( 0 ^ 8)2 

“~’(0V4)^+(0.8)2 


= 0.80. 


Therefore the thicker layers are predominant in the system, being about 80 %. 


DISCUSSION 

I 

The effect of particle scattering on the total scattering can be shown to be 
negligible and our assumption that = 0 can hence be justified. 
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It can bo easily soon from the expression 

^ 1— cos /*• cosh j 

/ 8 ^ \® 

( cosh /t* -g — cos/t 1 

that for finite values of S (which is always less than 1) the value of 
lim ^2 = sc 

/ i -*0 

In a paper by Porod (1949) it has also been shown that the particle scattering 
can ho given by 


I 

~ 1 —2h cos 

where k = e~M^5V2, // = sd^ and S is the relative fluctuation factor as before. 
Now it can be shown that 

lim < I 

ft-^O 

Therefore in the range of low angles of the order of 10"* the effect of particle 
scattering on the total scattering, i.e. the effect of on ^ = (^,+l/w^ 2 ) is 
negligible. 


CONCLUSION 

The mean thickness factor is more than 90A, as it is a densly packed system, 
this can be taken as the mean distance between the scattering centres. There 
are about 80%thicker layers in the sample. The particle scattering is negligible 
and the interparticle scattering is predominant. 
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A MODIFIED PROCEDURE 6f SCANNING NUCLEAR 
EMULSIONS FOR OBTAINII^ ABSOLUTE NEUTRON 
YIELDS OF 'ACTIONS 

J, P. [ 

Physics Department, IJNij ersity of Lucknow 
{Heceived Septen ?*, 21, 1904) 

ABSTRACT. A modified proc.edure for api^nliig nucloar emulsions exposed to neutrons 
has been used, in order to avoid the corroetion for^xjoil proton tracks running out of the plate. 
This procedure has not been previously employed, f The absolute yield for the iLi + 2H reaction 
has been obtained. 

INTRODUCTION 

In the studies of nuclear reactions where neutrons with energies exceeding 
12Mev constitute the outgoing particles, it has not boon possible with nuclear 
emulsions to obtain their absolute yield. A large number of the recoil proton 
tracks do not end within tlio emulsion and hence their range cannot be 
determined. 

For assessing the numb(^r of such particles whoso tracks run out of the emul- 
sion, a correction has to be applied. This correction which depends on the particle 
energy, the thickness of the emulsion and the maximum scattering angle for which 
tracks arc accepted, was calculated geometrically by Gibson and Levosoy' (19 18). 
It is valid provided the proton range varies with energy according to the Geiger 
rule. As this rule does not accurately represent th(^ range energy relation for 
protons, the correction factor is approximate. 

Trumpy et al (1953) gave the approximate relation 

/•_- ^0 l“Cos®a ^ 12yff+8sin2/?+sin4£ 

48rf * sili ca ~ sin^ 

where Bq is the range of a proton in the forward direction, P the angle between 
the projection of the track on the emulsion plane and the projected neutron direc- 
tion, a the angle between the track and its projection on the plane of the emul- 
sion and / is the fraction of the total number of protons scattered at these angles 
which are recorded in an emulsion thickness d. 

EXPERIMENT AND RESULTS 

The calculated values of / at different energies from Trumpy s data, for emul- 
sions of 400/^ thickness, are shown in column 2 (Table 1). The number of tracks 
escaping from the elmulsion can be reduced by choosing a smaller angle of scatter- 
ing for which tracks are accepted. Calculated values of / for = 5 and ^ 6 

shown as f^i in column 3 (Table I). This correction is however approximate, 
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TABLE I 

Variation in the value of f with the criterion for selection 
of tracks and with the neutron energy 



/ 

fcal. 

Mev 



] J 

0.86 

0.95 

12 

0.82 

0.94 

14 

0.76 

0.92 


In the study of the ’Li(rf, Bo reaction, in order to cut down the 
number of tracks lost from the emulsion surfaces, a modified procedure of scanning 
was adopted. By considering only those tracks that originated in the region 
extending from a dexJth of about 50 /a to about 250// below the surface of the 400// 
tliick emulsion, the search was limited to about half the thickness of the plate. 
Thus although a larger area of the plate had to be scanned, a greater thickness 
of the emulsion was available to the particles whoso tracks started in the above 
mentioned region. Tiierefore a greater probability of the recoil particles stopping 
within the emulsion surfaces was expected. 

J> 1 S C IT S 8 I o N 

The results show that out of more than 3000 tracks counted, only 1 5 left the 
emulsion. As this number is insignificantly small compared to the number of 
tracks measured, no correction is necessary for the tracks leaving the emulsion. 
With the normally used scanning procedure the correction would have certainly 
amounted to more than a hundred lost tratjks. 

It has thus been possible to obtain with this modified procedure of scanning, 
the absolute yield of the reaction under investigation. The neutron intensities 
at the four angles of observation with respect to the deuteron beam, have been 
shown in Table IL 

TABLE TI 

The absolute neutron yield of ^Li+^H reaction at different angles 
(Neutron yields obtained in terms of the number of tracks observed per 10®//®) 


Anglo 

Neutron yield 

0° 

12.03 

46° 

13.48 

90^ 

13.62 

136° 

11.83 
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INCOHERENT SCATTERING CT 280 KEV GAMMA RAYS 

-? 

r. V. RAMANA RAO, J. RAMA RAj^ anv V. LAKSHMINARAYANA 

Labohatoriks kok Nuclear Reskarc^ Andhra University, Waltair 
(Received Decemi^ J , 1 904) 

ABSTRACT Inoohoront s<?Hittering cross-il^otionH in ehimont-H rtirbon, iiluminuixn, 
roppor and cadmium arc determined at the pho^n energy 280 kov and compared with the 
corresponding Klein-Nishina cross-section ay. Progressively increasing deviation is observed 
between the two cross-sections with increaaijig atomics number. This deviation is attributed 
to the influence of electron binding. The ratio (tf^^/a/-) is computed theoretically on tlm basis 
of Thomas-Fermi atomic? charge distribution and compared with the experimentally observed 
ratio. A fair agreement is noticed. 


INTRODUCTION 

It is well-known that the incoherent scattering of photons by free electrons 
is accurately described by Klein-Nishina theory. Atomic electrons can be consi- 
dered as free if the incident photon energy greatly exceeds the binding eiu?rgy of 
the electrons in the atom. When this condition does not obtain, the cross-section 
for incoherent scattering will bo smaller than predicted by Klein-Nishina formula. 
This diminution in the incoherent scattering cross-section due to electron binding 
effects is expressed in terms of an incoherent scattering function which is depen- 
dent on the momentum transferred to the electron and the atomic number of the 
scattering medium. Various models of atomic charge distribution are in use to 
compute the incoherent scattering function thcoreti(?ally. 

It was shown experimentally by Lakshminarayana et al (1961) that 
the ‘free electron assumption’ holds for light elements at incident photon 
energies greater than 662 kev. Detailed investigations by Motz at al (1961) 
on the Compton scattering of 662 kev photons by the K-shell electrons of 
tin and gold have shown that even in these elements atomic binding effects arc 
negligible at this energy. However, at lower energies, definite deviations from 
Klein-Nishina cross-section due to binding effects are qualitatively indicated oven 
for light elements in the work of Lakshminarayana at aL The present 
investigation is an attempt to assess the influence of electron binding in light ele- 
ments in a quantitative manner at the photon energy 280 kev. 

A simple procedure is adopted to obtain the incoherent scattering cross-sec- 
tions experimentally. The method consists of detenoining the total atomic cross- 
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section by transmission experiments and subtracting from it the theoretically 
computed contributions due to photoelectric and coherent scattering processes. 
To acihieve sufficient accuracy in this ‘subtraction technique’, the light elements 
C. Al, Oil and Cd are chosen as the scattering materials in as much as the theoretical 
computation of photoelectric and coherent scattering cross-sections can be carried 
out to the desired degree of accuracy in light elements. 

JB X r K R 1 M E N T A L DETAILS 

A 10 milli- curio mercury — 203 source is used to provide the 280 kev gamma 
rays. A modified narrow-beam geometry identical with that described by Lakslmii- 
narayana et al (1961) is employed. A Du Mont 6292 photomultiplier with 
3/4" X 3/4" Nal(Tl) crystal is used as the detector. The experimental procedure 
as well as tiie method of analysis of obtaining total atomic-cross-sections is just 
the same as of Lakshminarayana al. The cross-sections are deter- 
mined with a standard deviation not exceeding 1 % in the present investigation. 

The photoelectric cross-scjctions are computed to within an accuracy of 2% 
using Nagel’s formula (1960) whose applicability to low and medium Z elements 
is established by Parthasarathi, et al (1964). The wihorent scattering cross- 
sections are estimated to within an accuracy of 3% making use of the form- 
factor formalism whoso validity is (established in the low energy region for light 
elements. 

By subtracting the sum of pliotoelectric and (johorent scattering cross-sections 
from the total atomic cross-section, the experimental value of the incoherent 
scattering cross-section (Tf, is deduced. The values of for the various elements 
are givcm in column 2 of Table 1 . For comparison, the corresponding free electron 

TABLE I 


Elemont 

(1) 

at, Of {ablafi 

(in barns/atom) (in baniB/atora) Exptl. 

(2) (3) (4) 

{at,! Of) 

Theor. 

(6) 

Carbon 

2.12i0.02 

2.18 

0.98^0.01 

0.98±0.03 

Aluminium 

4.55iO.D5 

4,72 

0.97^0.01 

0.97i:0.03 

Copper 

9.80±0,1 

10.53 

0.93±0.01 

0.95±0.03 

Cadmium 

15.7 i;0.4 

17.4 

0.90^:0.02 

0.92i;0.03 
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cross-sections <Tj are computed using Klein-Nishina formula and are given in column 
3 of Table I. The values of cross-section given in column 2 refer to the incoherent 
scattering of photons by all the electron* of the atom integrated over all angles 
of scattering. The values of cross-section given in column 3 of Table I are obtained 
by multiplying the integral free eloctroil cross-section by the atomic! number. 
The ratio (crj/oy),a^jj given in column 4 yovides a quantititative estimate of the 
influence of atomic binding on the incoherent scattering of 280 kev gamma rays. 
A theoretical estimate of this ratio is mac^ using the Thomas-Formi atomic charge 
distribution. The relevant procedure is Outlined as follows : Data on the inco- 
herent scattering function 8{q, Z) as a fui^ion of universal variable v are complied 
by Grodstein (1957) and Nelms (1953). '^e differential Compton scattering cross- 
sections for a free electron are computeef using K-lein-Nishina formula at various 
scattering angles, at intervals of 10°, in the range 0° to 180°. The value of S(q, Z) 
corresponding to each of these scattering angles is obtained by graphical interpola- 
tion of the data complied by Grodstein and Nelms. The differential free electron 
(iross-section is then multiplied by the corresponding S{q, Z) to yield the differ- 
ential cross-section for bound electron scattering. By a graphical integration of 
these free electron and bound electron differential cross-sections in the angular 
interval 0° to 180°, the corresponding integral cross-sections are computed and 
the ratio ((Tbj<Tf)tktoT then directly obtained. The overall error involved in the 
interpolation and integration pro<iedure8 is estimated to be about ,1%. Those 
theoretical ratios are presented in column 5 of Table I. 


RESULTS 

It can be seen from colmuns 2 and 3 of Table I that the bound electron cross- 
sections progressively deviate from the free ole(!tr<m croNs-scctions. The increas- 
ing influence of atomic binding as Z increases is clearly evident. From the values 
of in column 4 of Table I, it can be readily seen that the diminution 

in the free electron cross-section due to binding effects is (2 ± 1)% for C, (3 ± 1)% 
for Al, (7 ± 1)% for Cu and (10 ± 2)% for Cd. 

A comparison between theory and experiment is provided l)y the values 
given in columns 4 and 6 of Table I. It is apparent that there is good agree- 
ment between theoretical and experimental values of the ratio (<T,,/<r/). T^s 
agreement, however, has to bo considered with some caution in view of the inade- 
quacies of the Thomas-Fermi model for observed distribution. The charge 
agreement may be due to the fact that at this energy the absolute magnitude of 
the influence of binding is itself small, so that the deviations, if any, arc masked 
by the combined errors of theory and experiment. It may, however, be powib c 
that the deviations might be noticeable at lower photon energies where the dimi- 
nution of o> due to binding effects wiU be considerably large: Further investiga- 
tions at lower photon energies are in progress to test this view-pomt. 

7 
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DIMORPHISM OF Dt-ASPARTIC ACID 
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Indian Agricultuhal Research Institute, 

New Delhi 

(Submitted December 27 , 1963 ; Resubmitted December 19 , 1964 ; January 9 , 1965 ), 

The occiirrenco of dimorphism in Z)i-a8partio acid has not boon reported pre- 
viously. The space group and a preliminary structure of this compound has been 
worked out by earlier workers (Dawson and Mathieson, 1951; Amirthalingam and 
Ramachandran, 1955) as a ~ 9.18^., b -= 7.49^., c 15.79^., ^ — 96^^, Z = 8 
and the space group as P2Ja, Pure /)Z/-aspartic acid obtained from Nutritional 
Biocheniicals Corporation Ltd., U.S.A., was crystallised from an aqueous solution 
at room temperature (34° C). 

The spacings and 1 values calculated from the powder patterns of the crys- 
tals of both the modifications are given in Table I. The visually estimated 
intensities of the reflections are given in parentheses as very strong {vs), strong (s), 
medium (m), weak (w) and very weak (vw). 

The pattern of modification II was analysed by a modification of Lipsons 
method (1949) in which the Ijd^ values were used instead of the sin^ 0 values. The 
values of l/d^ calculated after fixing the three constants ^(= 1/^^,) B{ = 1/5^) 
and C (1 /c^) were compared with the observed values (Table I), within an accuracy 
of ±0.0008. 

Modification I 

The values of 1 calculated from the data of earlier workers agree reasonably 
well with the observed values of the present investigation (Table I). Hence 
the unit cell dimensions of the crystal of this modification are : a = 9.18^., b = 
TA9A., c = 16.79^., = 96^ and Z = 8. The space group is P2i/a, 
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Modification II 

Tho fjrystal of this modification was found to belong to orthorhombic symmetry 
with the unit cell dimensions as a == 15.00^4., b = 6.87^4., c = 10.26^4., and Z S, 
Tho calculated density of 1.67 agrees very well with the accepted value of 1.663, 
The values of 1 jd^ calculated from this data agree very well with the observed 
values as can be seen from Table I. The probable space group is PmmniD^ 2 h)- 

The authors are grateful to Dr. B. P. Pal and Dr. C. Dakshinamurti for their 
interest in the work. 

TABLE 1 

Spacing^ and Ijd^ values of DL aspartic acid 


Modification I Modification 11 


Rpacing in A. spacing in A. 


with 

values of I/d^ 

indices 

with 

values of I/d^ 

indices 

intenflity 

obs. 

calc. 


intensity 

obs. 

calc. 


7.91 (w) 

0.0100 

0.0102 

002 

7.52 (w) 

0.0177 

0.0177 

200 






1 

[■0.0380 

002 

0.79 (vw) 

0.0217 

0.0218 

on 

5.11 (m) 

0.0384 

[0.0390 

210 

5.84 (vw) 

0.0292 

0.0298 

110 

4.10 (vR) 

0.0596 

0.0592 

012 

4.74 (vw) 

0.0449 

0.0431 

112 

3.95 (m) 

0.0641 

0.0635 

112 






1 

[0.0707 

311 

4.59 («) 

0.0475 

0,0483 

200 

3.78 (s) 

0.0702 i 

[0.0710 

400 

4.34 (vw) 

0.0530 

0.0542 

013 

3.61 (m) 

0.0809 

0.0806 

401 






1 

ro.0848 

020 

3.95 (m) 

0.0640 

0.0648 

004 

3.42 (m) 

0.0866 \ 

1 

[0.0867 

300 

3.87 (w) 

0.P667 

0,0672 

2iT 

3.32 (w) 

0.0902 

0.0908 

103 

3.75 (ms) 

0.P710 ] 

[0.0707 

1 

\ 

113 

3.18 (8) 

0.0988 \ 

[0.0988 

121 

[0.0711 

020 

1 

[0.0993 

312 






1 

fO.llll 

600 

3.40 (vs) 

0.0867 

0.0873 

022 

2.99 (vw) 

0.1114 i 

0.1114 

113 


ro.0935 

203 

1 

[0.1122 

221 



3.27 (vw) 

0.0934 - 

1 

[0,0938 

213 

2.89 (8) 

0.1199 

0.1194 

501 



ro.joi 2 

006 





3.15 (vw) 

04013 

1 

[04016 

20i 

2.80 (w) 

0.1273 

0.1279 

122 
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spacing in A. 
with 

intensity 


2.92 (m) 
2.84 (w) 

2.72 (w) 

2.08 (w) 
2.55 (m) 

2.40 (vw) 


2.41 (m) 


2.30 (s) 
2.35 (s) 
2.29 (w) 

2.20 (w) 

2.10 (m) 

2.11 (w) 

2.05o (w) 

2.()lfl (w) 

1.97 (w) 
1.92, (vw) 

1.89fi (vw) 
1.87 (w) 


modification 1 


values of I/d- 


obs. 

calc. 

0.1170 0.1190 

0.1240 fi 

0.1238 

0.1240 

0.1350 1 

1 

0.1350 

0.13.59 

0.1438 

0.1471 

0.1538 

0.1538 

f 0.1042 
0.1049 -1 

[0.1647 

0.1734 j 

0.1721 

0.1724 

0.1797 1 

0.1795 

0.1798 

0.1815 

0.1806 

0.1910 j 

1 

[0.1912 

[0.1915 

0 . 2050 

[0.2042 

[o.2058 

0.2149 

0.2153 

0.2247 

0.2263 

0.2366 

(0.2360 

1 0.2372 

0.2460 

0.2473 

0.2569 

0.2548 

0.2708 

0.2714 

0.2785 

0.2772 

0.2859 

ro.2848 

jo. 2860 


mod ideation II 



facing in A. 




in<Ueos 

' witli 

values of 

i/.i= 

indices 


' inteiiKity 

obs. 

calc. 


015 

‘ 2.62 (m) 

0.1462 0.1469 

313 

115 

k 



004 

123 

\ 2.. 57 Cm) 

0.1518 0.1525 

205 



0.1696 

601 


2.42 (s) 

0.1702 .( 


204 ; 512 

024 


0 1703 

223 

2.38 (w) 

0.1770 

0 1774 

413 

114 


f 

0.1905 

611 


2.29 (rn) 

0.1913 -1 


214 

031 ; 205 

1 

0.1915 

223 


1 

0.2004 

031 


2.24 (w) 

0.2003 ^ 


700 

130 

1 

0.2009 

025 





32T 

2.19 (vw) 

0.2085 

0.2086 

230 

320 





010 


1 

[0.2222 

710 

132 

2.12 (vw) 

0.2227 j 

1 

[0.2235 

404 

401 



r0.23U) 

330 

2.08 (w) 

0.2313 \ 

1 

701 

133 


[0.2310 

313 





231 

2.06r. (m) 

0,2343 

0.2340 

522 

207 

2.06 (m) 

0.2373 

0.2373 

024 

233 


0,2390 

ro.2390 

702 

126 

2.04 (tn) 

jo. 2403 

331 

403 

1 . 99 (vw) 

0.2533 

0 2540 

621 

126 


0.2595 

rO.2593 

016 

127 

1.96 (vw) 

[0.2603 

712 

331 

1.92 (m) 

0.2708 

0.2713 

413 

234 


0.2814 , 

f 0.2810 

133 

217 

1.88o (m) 

|o.2816 

523 
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TABLE I (contd). 


modification I 


spacing in A. 


with 

values of I/d^ 

indices 

intojisity 

obs. 

calc. 




0.2998 

226 

1.824 (w) 

0.3007 

0.3007 

042 


0.3009 

118 

1.78 (w) 

0,3173 

0.3163 

326 



f 0.3307 

125* 

1.737 (vw) 

0.3318 H 

1 

[o.33U 

511 



f 0.3383 

227 

1.718 (vw) 

0.3388 

1 

[ 0.3397 

241, 416 


1 

r 0.3555 

144, 225 

1.676 (m) 

0.3560 \ 

1 

1 

[0.3556 

317 


1 

f 0.3672 

144 

1.65 (vw) 

0.3676 i 

[0.3678 

219 


f 0.3863 

237 

1.60 (m) 

0.3870 -10.3876 

523 


[0.3887 

236 


REFER 


modification II 


spacing in A. 




witli 

values of I/d® 

indices 

intensity 

obs. 

calc. 


1 . 82 (m) 

0.3021 

0.3020 

530 

1.81 (m) 

0.3050 

0.3056 

810 



ro.3229 

025 

1.76 (vw) 

0.3236 j 

I 

[o.3238 

722 


I 

f 0.3393 

040 

1.71b (m) 

0.3395 \ 

^0.3400 

532 

1.71 (m) 

0.3425 

0.3430 

600 

1.65b (m) 

0.3647 

0.3642 

016 

1.64 (m) 

0.3718 

0.3715 

723 
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THERMAL CONDUCTIVITY AND COMPOSITION 
PROFILE OF A CHEMICALLY REACTING GAS 
MIXTURE PLACED IN A HOT-WIRE CELL 

T. K. RAT DASTTDAR Ajri) A. K. RARITA 

Indian Association fob thu (!i)dtivation or Sciknck, (;ALciin’A- 32 , India. 

{Rvcnvexl March fO, 19(>r)) 

ABSTRACT. A simple mot hod is given for obiaining tlio acdiuil oompoHitions at tho 
liot and tho oold surfaces of a fiol-wire Ihormal <-ondu<‘< ivity cell in which a chemical loaction 
of intomiediate rate is proceeding. TIh'sc compositions art* n'latiHl to tlu' jates of formation 
{iij) and destru(‘tion (K^/) of a part icular species mvolved in th(^ ctiemical reaction. {Rf—Ro) 
18 a measure of the dejiariure of the system from tlie condition of local clieinical e(iuilibrium. 

I N T H O i) U (J 'J’ I () N 

The hf>at j9iix in a ekeiuically l oaciing gas inixtnn^ plained in a tliormal conduoti- 
vity cell can be divided into two parts, viz., (1) the usual flux in the alisenee of 
chemical reactions and (2) the heat flux due to diffusional transport of choruitjal 
cnthalpujs of the rcatdanis and the products. If tht^ rcatttion rates are so fast 
that tho comiHJsition at (wery point in the condutdivity coll is at (‘([uilibrium with 
tho local temperatuns tlie thtumal (conductivity of the reacting gas mixture may 
be written as (Buth^r and Brokaw, 1957) 

“ ^/"l ( 1 ) 

where is tlu^ thermal conductivity of the ‘frozen’ (absence of chemical nmetion) 
mixture and An, tho contribution due to cluunical roaedion. A gentualised expres- 
sion for An in this case has been obtained by Butler and Brokaw (1957) and further 
simplified by Brokaw (1960). Again if the nwdion is very slow, it has l)een sliown 
by Secrest and Hirschfeldeu* (1961) that the (jonijiosition in the cell Ixxjoinc^s 
almost uniform and the contribution of An to tlio total tluTinal conductivity 
is negligible. 

It is most difficult to tackle tlu^oretically the problem of hc^at conduction when 
the reaction rate is internujdiate. In this case, the Jieai conductivity bec'oines 
a function of the reaction rate and the giMinietry of tho apparatus. Consi^qucntly 
for such a system th(j usual i(Tiii ‘coefficient of thermal conductivity has no signi- 
ficance, However, we can still talk about an 'effeedive thennal conductivity’ 
for such a system placed in a thermal (ionduedivity cell. For such a system an 
elaborate treatment has been given by Brokaw (1961) which permits an evaluation 
of the ‘effective co-efficient of thermal conductivity of a reacting gas mixture 
when the temperature difference between tho hot and the cold surfaces of the 
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conductivity cell is not large (e.g. in a hot-wire cell). When there is local chemical 
equilibrium, the rates J?/, R^i of the formation and the destruction, respectively, 
,if a particular species involvwl in a chemical reaction, are equal. When the 
reaction rate is not fast enough to maintain the condition of local chemical equili- 
brium, Rf R^, and the magnitude of the (Quantity (Rf—R^) is a measure of the 
departure of the system from local chemical equilibrium. (Rf—R^) can be expressetl 
in terms of the actual compositions in the conductivity cell which are different 
from the local chemical equilibrium compositions. However, from Brokaw’s 
formulation (1961), it is not possible to find directly the actual compositions and 
effects of relaxation of chemical energy remain obscure. 8ecrost and Hirs(;lifelder 
(1961) have attempted to obtain the compontion profile in a conductivity cell. 
However, their method is suitable in cases whert^ there is a large temperature 
difference in the cell and it also requires laborious numerical techniques. 

In the present paper we have^ attemptofl to giv(‘ a (comparatively simple method 
of obtaining the actual (jompositions a reacting gas mixture at the hot and th(^ 
cold surfaces of a hot-wire (^ell. Experiments performed on the basis of this 
method are expected to throw some direc.t light on the actual physical conditions 
in the cell in which a reacting gas mixture has been placed. 


THEORETICAL CONSIDERATIONS 


We shall limit our present considerations to a uniinolecular dissociation reac- 
tion given by, 

B:^2A ... (2) 

placed in a hot-wire thermal conductivity cell. We shall designate the quantities 
corresponding to the species B Av ithout any suffix and those corresponding to species 
A by the suffix A, Let (Jj- denote the molar flux of tlie species i (Tossing uirit 
length of a cylinder of radius r. Then, at ecpiilibriuni, 

(^,4 - - 2 G ... ( 3 ) 

For the present case, the equations of multi- component diffusion can bo written as 

(ix 

•2nr = (nD)-HxG^-x^G) ... (4) 

D is the binary diffusion coefficient between B and A and n = p/RT, From 
Eq. (3) and since x+x^ == 1, we get 


27Tr 


dx 

dr 


-(nD)-^l+x)a 


( 6 ) 


and 2nr = {nD)-\l+x)G ... (6) 

Eqa. (6) and (6) give 
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When tho reaction is fast, enough sr) that the condition of local (chemical 
equilibrium is valid, the heat flux tliroiigii unit lengtli of tiie hot-win^ cell is given 
by 


In TciTg 


( 8 ) 


where Vg are the radii of the cell and tl)e hot-wire respectively and Tp and Tg 
are tho temperatures of the walls of the cell. W(i shall neglect temperature jump 
at the walls of the cell and surface chemical rtvictions. 

However, if the local chemical equilibrium condition does not hold, the actual 
heat flux q* is less than q and wo have 


q* = 

In rdrg 


(9) 


wliore A* is tho effective value of tin* thoniial conductivity for the particular cell. 
The heat flux q may also be represented as (Seerest and Hirschfeldor, 1961), 

dT 


q — —27TrXf — —QQ 
dr 


( 10 ) 


wliere Q is tlu heat of reaction. By using Eqs (7), (9) and (10) and integrating 
hetwcMm the hot and tho cold surfaces of the cell, we get 

UTg-Tc) =■ MTg-Tc)d \ In 


and 




hi 


i / 

(11) 

xr-\ 1 \ 

1 / 

(12) 


where A — {nDy^^. Tlu'- subscript e denotes tl»e local chemical equilibrium value. 
Combining Eqs. (11) and (12) and denoting A^ —A* = AA we have 




(13) 


Eq. (13) expresses the difference* betwe(*n the effectiv'^e coefficient oi thermal con- 
ductivity and A^ in tenns of t])e actiml and the lo<*al chemical equilibrium com- 
positiens at the walls of the cell. 

In the reaction 

kf 

r.^2A 

^ K 

where kj and kf are the rate (‘onstants we have 


(14) 


Rf — kf X 


RT 


Rfl = i^f(l Jtj2|jp2 


(15) 
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Thorof<)Tc\ for (*xa7nf)l(\ at tho hot surfa<-o of th(‘ 

(Jif~ R(i)Th ~ *** 

ThuH if wo know and Tj^ tluv (quantity {Rf—Ra) ean be directly obtained. As 
j-tatcd earlier, for local ehenxical equilibrium Rf — R^i, Thus the magnitude of 
(Rj — Avill b(‘ a measure of tho (h" part lire of tho system from the condition of 
local chenii<;al equilibrium, 

J) E T E K M I N A T I () N () F THE A 0 T U A I. COMPOSITION S 
AT THE W A L E S O F THE T H E E M A L 
C O N 1) U T I V r T CELL 


Let- the liatli t(‘m])eratim‘ b(^ kept constant and the temperature of the hot- 
wire be varied slightly from (^^3)1 to Then from Ecp (13) 


^^z{{Tnh- To\ = ^ ( In 


^ Gel 


I I 


*nei 


+ I 




-In 

... (17) 

) 

1 / 

... (18) 


the subscripts 1 and 2 correspond to iTu)^ and (7^)2 respectively. In a hot-win^ 
cell the difference between 3Yt and is not Jarge and (Tjj)^ and (^2^)2 ^ro also 
quite close to each (ither so that it is reasonable to assume that 

('^'Cei " ~ ('^'Ce2 •^Cz) '•* (^’^) 

(^Hei~^^ni) — **• 

Sinc(* is ki pt constant, — *"^^2' 

or or Cl - Xc 2 . 

Thus by knowing AAj, AAg, x^p 2 , using Eqs. (20), (10) and (21) and 

Xjj values can be obtained from Eqs. (17) and (IS). The equilibrium compositions 
can be calculated from the experimentally determined ciiuilibrium constants. 
The values of (Rj — R^) can bo obtained from Eq. (lb). 

Experijnents on tho system N.^O^ 2NO., by utilising the method described 

above are in progrots. 
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ESTIMATION OF AIR.FRACTION, SPECIFIC SURFACE 
AND OTHER PARAMETERS OF MICELLE SYSTEMS- 
WOOL-LOW ANGLE X-RAY METHODS 

T. RATHO AND B. C. PANDA 

HeGIONAL KN<JINEEKlN<i (’OUJCGE. JU)UJtKELA 

(Rvvviofd Fcbra0/r}f ir», lOOr)) 

ABSTRACT. Thin de,il8 with th<‘ <‘8t^imfition of the percontago of uir, tho speoifio 

surface, the Ic'iigtli of coherc'uce, the range of inhomogeneity atnl tho cliaracteristic luunber 
of a sample* of wool, Scottish Blackface, from England. The low ariglf* scattering cami^ra 
after Kratky (19i58) w^as used for tlu' (‘xperiinental measurements. The cah-ulalions ar(' similar 
to those applied by i*orod (UIol) to two ])hase sysh'ins. 

I N T O D U V. T J 0 N 

Tfie analysis of tlio diffraction pattern obtained undcT small angle* scatter- 
ing is du(* to Giiinicr (11137, 1939 and 1943). He intro(bicod the idea of 
“Particle scattering/' continuous low angle scattering eonsidcTed to htwi non- 
(‘oherent scattering of the individual particl(>s. It can be easily secMi that this 
theory will apply only to dilutee systems. During tlie same period, however, 
Kratky and his eo-workers made* an att(un])t to explain the scattiTing edhuds of 
dcmsely ])aeked colloidal systcmis on the basis of interparticular intorforcTice, 
This kid to a good treatment of some* of the nii(U‘llt^ systems by Kratky (1938, 
1942 and 1949) and atso by Porod (1949 and 1951). A large volume of work haF 
also appeared in roccint y(*ars (Kratky 191)2 Porod 1961). We have in this j)ap 0 r 
followod tJie (umsiderations of Kratky to find out the* paramet(*rs of tlic^ sample 
of w'ool belonging to tlu*^ densedy packod systcmis. 

For a thorough analysis of low angle seattcudng tin* foUowing assumptions 
have also beem made. 

(i) Tho incoherent (k)mpton scattering is neglected as wo are horci concerned 
with very low angles of* tiic order of 19“^ of a radian. Further as this is a rlensely 
paciked systcju, tho coherent scjattering effects are v(tv higf) (compared to tho very 
low effects duo to Compton scattering. 

(ii) Tho Bahinet’s reciprocal relation in Optics is assumed to he valid. 

Low angle treatments of the micelle systems allow only the estimation of Fuch 
parameters common to both the phases and also of tlic statistical mean values of 
certain lengths known as the range of in homogeneity If ^nd the distance of 
heterogeneity or the extent of coherence I, according to Porod (1961). We have 
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Ikto tried to find out tln^ae al)ov(‘ (jiiantities from oiir (‘xperimental observations 
on tin's particular sample of wool. It is also very interesting to find out the per- 
centage of air fraction in it, while this may throw light on the textile properties 
of the substanc(\ 


EXPERIMENTAL 

The sources of x-rays was a Philips unit fitted with a copper target. The 
low angle sc^atb^ring (camera of Kratky (1958) fitted with photographic arrange- 
ment was set up along with a crystal monochromator after Johansori-Guinier 
(19«56) to record the scattered intensities. The sample of wool investigated was 
of the type Scottish Blackface from England. The density of the compact material 
is assumed to bo l.I15gm/cc, while the sample had an apparent density of 0.370 
gm/c(^. The (experimental details regarding the purification of the sample and its 
mode of setting up in the Kratky (camera are the same as reported in a paper by 
us (T. Ratho ei af. 1965). The process of obtaining the scattered intensity w^as 
also the same as in the above paper. It may be> mentioned here that for recording 
a particular angular range of scattering only a single photograydiic record is nocH^s- 
sary, since a monochromator is used. From theses mefiisuroments th(U*efore it is 
possible to obtain the scattering angle and the corresponding scattered intensity 
values. For convenience the angle of scattering 20 has boon represented by .r 
where x is given by 

X ^ 2<p{ap) 

Here a is th(^ film sample distance^ and p is the transformation factor of the 
densitometer curves. 

As the samj)le under investigation has some degret'- of orientation, it is not 
necessarv" to make any slit correction and one can proceed with the smeared -out 
intensity / values. In order to calculate the integrated primary intensity 
the primary beam was reeordi^d on a film twice, once for 15 seconds and again 
for 25 seconds with a rediu^tion factor of J(K)/3. After microphotometry of these 
records the areas of the primary beam cross-sections were found out with the help 
of a planimeter. 

THEORY AND DISCUSSION 


(a) Calculation of 

The tw^o areas of the primary beam cross-sections obtained for times of 
exposure 15 and 25 seconds were 21.22 cm^ and 34.95 cm^ respectively. As the 
sample was exposed for 6 hours and as the reduction factor of the primary beam 
is 100/3, we can easily calculate the average value of Pq. It is given by 

Po = Area under the curve of ^ 

^ Time of exposure of pnmary beam 
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Therefore, on substituting the above value, we have 

^0(16) - ( ) 21.22 ( ’y 1 - 1019 x 111 " 

-,902x10" 

Therefore the average value of Pq is 991 x 10^. 
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(b) The invaria7it Q 

For calculating the value of tlie specific; surface it is necessary to find out 
the value of the cpiantity Q known as the invariant. Acicording to the; theories 
of Debye and Bueclie (1949) as well as of Porod ( 1951 ), in the case of a two phase 
systcuii, the invariant Q of a scattcuing curve is independent of the* sha])e and size 
of the particles responsible for scattering. On tl)e other hand, it dej)ends on thc^ 
sc attering power of the* system. It, however, is not inch* ])(*ndc*nt of the primary 
beam intensity. This invariant Q is given by 

of' 

Q j* I(x)x^ dx 
0 

for a slit corrected intensity ; 

or> 

or, ^ ^ \ l(x)x dx 

0 

for intensity not corrected for colliniation error as in the present case. The value 
of Q is obtained after drawing l(x)x versus x curve*, and planinudc'ring the*, area 
under it. The value obtained in the present c^asc is 978 cun- and is represented 
as Qexpy meaning thereby the experimental value of the invariant. 

(c) Invariant and air-fraction 

The effective sample thickness is given by 1) 

where, • <l>. 

do 

Here the density of (compact) wool is assumed to be 

rf, = 1.35 

and the apparent density is 

d^ = 0.376 

whore ^ is the diameter of the Mark capillary container and has a value 1.69 mm. 
On substituting the above values we have 
D = 0.047065 cm. 
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The electron (lensiti,- of avooI is represented hy f> which is expressed as 
P l.35(0.r)3r)) =r-. 0.7223 

whm*, X O is thr sum of tho atomic numbers and HA is the sum of the atomic 
weights. 

This <>.5:^5 is taken here, in tin* ease of wool, to liav(^ the same value as 

ZtJi 

proteins. 

on 

Tn order to interpnd the invariant given liy Qexp~ | /(ir) Xrfo; whose 

0 

estimated value is 97S cm-, W(‘ assum(‘ that the system (contains air. 

The theoretical invariant ('onijiarable Avith Qcxp‘> given by 

(^Th “* ' X^N'‘^P^D(a2))p-0}j0hj, 

for A — 1.54 A, N Ix ing tlu‘ Avogadros number, 

p^y is the integratinl jirimary intiuisity, 
o)i is the volume fraction of air, and 
6)2 is the volume fraction of wool. 

On substituting the values of u ~ 2b.8, p — 25.4, P„ = 0.991 X 10*, 
= 0.5210 and D — 0.047, we get 

Qqifi — 2. 1409 X lO'^coj 6 ) 2 . 

From ~ Qexp- folhms, 

6)16)2 4.5572x10-^. 

That means coj ~ 4.5572 x 10^^ 
and cog ~ 1 . 

Therefore tlui system contains about 0.5% air. 

(d) S'jyecific surface 

In the ease of a two phase system it is at times very (‘onvenient to exploit 
the tail portion of the scattering curve corresjionding to high angles of scattering. 
According to Porod (1951) the tail portion of a smeared-out scattering curve of 
a general tMX) pliase system as in the present case has a decrease proportional 
to The tail portion however follow^s a course for a curve corrected for 
length coUimation error. Homogeneous electron density distribution however 

is assumed v ithin each phase. Tlio l{x)s(^ versus x curv<5 should show therefore 
an asymptotic behaviour for largo values of x in our present case. 
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We can therefore write 

Lini = k, where jfe is a constant. 

Tlie relative curve is plotted in Fig. I after our cxperiTuental observations from 
Table I, where the value of k is obtained m 380. This value is related to the 


-O 


_ 1138 ^ 

6 8 

X 



Kpecific inner surface, i.e. the phase boundary area per unit volume of dispersed 
phase. 

This behaviour of the scattering curve can also be virifuMl by drawing the 
double logarithmic plot, i.e. log I{x) as a function of log x which should lead to a 
straiglit line of slope — 3. This is shown in Fig. 2 where a slopt^ of — 2.97 is 
obtained, while the dotted lini^ is the line ol slo])e — 3, 

The specific surfa ce (per A» samplt‘- volume,) is given by Porod (1952) as 

X X X . (for A 1.641) 

Q.^ ' 

with k = 380 and Wj as calculated before \vt' get, on stibstitution, 

O 1 6.32 X 380 X 4,6 572 X 10~^ ^ 6 4702x10 ‘'cju^/A®. 

V ~ 20.8x25.4x078 

Tho mean dimensions and h «f tJ»« sample are cah^ulatod therefore to be 


5.4792x10 ^cia^/A^. 


^ = 333.28 A 


and =7.3131X10*1. 

In this case is practically identical with the reduced length l„ defined by, accord- 
ing to Porod (1953), 

L=i-+.L 

li tg 


2 
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and for example 


If 


4F<0i(02 


; since og = 1 


(Ify the range of inhomogc^neitj^ given by the above fonnula corresponds to that of 
reduced maws in Mechanic's. In interpreting certain results Porcjd introduces 
the length If known as the “range of inhomogeneity^’. This is symmetrical with 
respect to the two average dimensions of the specimen occupied by matter and is 
built up in the same maniuT as the reduced mass in Mechanics). 



(e) Length of coherence 

The integrated scattered energy is given by 

^ = J l(x) dx 
0 

In order to get the value of E the I{x) versus x curve is draw'n and the area imder 
the curve is found out with the help of a planimeter. The value of E obtained 
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in the present case is 1188.0 cm‘^. The length of coherence is derived from tlic 
smeared-out scattering curve according to tlie rcdation 

/ I {x)(lx 

h = 0.490 ap — 

^ f / (x)xdx 

On substituting the values of E, a and p a$ E — 1188.0, a — 20.8 and p = 26.4 
and Q^xp === 978.0 we get 

le = 314.48 A. 

(f) The characterisfdc number f 

The characteristic number is given by 

■^-2 4 = 2 


TABLE I 

(Experimental moasuremcnts ) 


X 

J 

Ix^ 

lop X 

log? 

1.2 

176.0 

.304.09 

0,07918 

2.24551 

1.30 

125.6 

275 93 

0.11394 

2.09895 

1 .40 

105.2 

288 . 60 

0. I46I3 

2.0220(‘ 

1 . nn 

83.6 

311.31 

0. 19033 

I. 9222 I 

1 .70 

65.6 

322.26 

0.23045 

1 .81690 

1 . <)r, 

43.4 

321.81 

0.29003 

1 .63749 

2.20 

26.9 

286.42 

0.. 34242 

1 .42975 

2.35 

23.0 

298.47 

0.37107 

1.36173 

2.50 

18.8 

293.76 

0.39794 

1.27416 

2.80 

15.2 

333.66 

0.44716 

1.18184 

3.05 

12.8 

363.18 

0.48430 

1.10721 

3.30 

11.5 

413.24 

0.51851 

1.66070 

3.60 

10.0 

428.75 

0.54407 

I .00000 

4.00 

7.1 

454.40 

0.60206 

0.86126 

4.50 

6.0 

455.62 

0.66321 

0.69897 

5.00 

3.9 

487.50 

0.69897 

0.69106 

6.00 

2.5 

640.00 

0.77816 

0.39794 
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Although this value is slightly low it is almost the probable value for densely 
j)atk<Ml sysUuns when- tlu' independent miciille are arranged in layers with fret- 
space, in btitwetm. 


CONCLUSION 

The spt-cific surface per A® sample volume is found to be 5.47 X 10~® cm^/A®. 
Th(t saniplc contains about 0.5% of air. The range of inhomogeneity If is 333.28 A. 
Tint length oi' cohertmee is 3 14.48 A. Tht- charac.teristit- number / of the system 
is 0.472. Further experiments are being undertaken to fintl out the relation of 
those quantities with the textile profxtrties of the sample. 

A C K N O W L E D a TVI 10 N T 

The authors wish to express their sint-ere thanks to Prof. Dr. 0. Kratky 
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GAMMA-GAMMA ANGULAR CORRELATION IN Sn'“ 

A. K. NTGAM and R. BHATTACHARYYA 

SAIfA TNSTmrTE OF NuCliEAH PHYSICS, ('aLCUTTA, [NPTA. 

{liecewfff , I anuar if Ii», 1905) 

ABSTRACT. Spin nssignmont. to tho 2.23, 1.08. 1.88; 1.41 and 1.07 MeV levels of Sbi-iB 
has been made from directional augiilar eom)lition measun^ments. 

INTRODUCTION 

The levels of excited tlirough the decay of liave beum previously 
studied by several authors (Nuclear Data Sheets, I9b4, Dovarc et aL, 1964). The 
spin -parities of those levels were as(;eTtained mainly from the knowledge ol tlie beta- 
de<iay log ft-values. In the present work the spins of some of the levels have been 
determined from y—y angular correlation experiments. 

The experimental sources were' prepared in small thin-wallofl j)crsp(‘X con- 
tainers from chemically procossefl obtained from the Oak Ridge National 
Laboratory. The 9.4 min activity of Sn^*^^ was allowed to dt^cay suflficiently before^ 
the chemical separation was carried out in order to get rid of some Sb^*'*'* activity 
formed therefrom. The activity of Sb^^^ accumulating from th(‘ dei^ay of the 
9.7f/ Sn*‘^®, w'as not large (‘iioiigh to di.sturb our measunmients within the short 
time in which the experiments were performed. 

EXPERIMENTS AND RESULTS 

y—y angular correlation betw^cen five cas(tades, shown in Table I has beim 
measured. The spins of the 2.2:i 1.9S, l.SS, 1 .41 and 1 .07 MeV levels were deter- 
mined. As it w^as not possible to study the short lived isomer of &n^‘^®, the spins 
of the levels at 0.325, 0.640, 0,910, 1.470, 1 .720, 1.940 MeV could not be detennined. 
The summation technique of Hoogenboom (1958) was used to separate the peaks 
more effectively from the general Compton background and from other adjoining 
peaks. Fig. I shoves some of the representative spectra measured with the help 
of this method. The spectrum of Fig. 1(a) was recorded with the sum channel 
set at l.8~2.1 MeV region. As both of 0.81 and 0.91 MeV y-rays are in coincidenoo 
with the 1.07 MeV y-ray, they, with their respective intensities, contribute to the 
area under the 1.07 MeV peak. The prominent peak in Fig. 1(b) is due to the 
coincidence between the sum-pulses at 1.41 MeV (= 1.07+0.34) and 0.34MeV 
y-ray. The second peak in the same spectrum arises due to the, straightforward 
coincidence between the 0.47 MeV y-ray and the y-ray of 1.41 MeV energy selected 
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Iil(»iig wHli th(> HiUTi-fnilKct^. Til order to increaKe the area under the ].16 MeV 
peak shewn in T'lg. l(«l). a hroad M'leetion was niade in tlio sum channel 

(2 2-3Mi‘V) which admitted seme of tin sum-pulses of the 0.81 — 1.07 and 

(),91_] .07 TVTcV cascwles resulting in an inereasi' in the area under the 1.07 MeV 
peak. 


ftt) (b) (C) (d) 



50 60 lO 20 JO 15 20 SOSO 40 


Kip. 1. Solid CurvoR : Ho<)p<‘nboom>Hpo<*trn. oftbo y riiyH of Oottod Ciirvos: Spof’tm 

rooordod in t ho Htraight forward irmimor. S| loctra in t ho rogioii of inioreHt hav(» 
boon Shown. 

The oorrolation nxporiiiKnit porf(>nii(‘(l wil ii tlieh(‘ spectra in the (‘hanncJs 
iiecHl little correction due to other perturbing radiations. HoAvwer, for the wc^ak 
intensity (iascades, statistical ac'ciiracy in tlu‘ nsstili could not be increased suffi- 
ciently. Mc‘asurcU!K‘'nis wc'H' also conductiMl using tin* convcnitional slow-fast 
coincidence method for all the cascades c‘Xt*(*pt fJu' I.H) - ].()7 MeV^ one and c^ssen- 
tially same n'.Milts weri' obtaincnl. Tlic' A.^ and A| CHK^flicientt worcj ctalculatod 
a(t(^ording to tlie formulation of Rose ( 1958). GcMunetry correction was made from 
the curves by Stanford and Rivers (1959). 

TABLE J 


Elx])(*riincntal resulfs 


(^tiHoado 

MoV 

Sum chainud 
sotting 

A> 

Kxp. 

A4 

Exj). 

Possible 

Assignment 

0.81-1.07 

1 80-2.00 

0 131 iO. 032 

-0.046^.0.05 

13/,(3)7/2(1)7/, 

0.91™ 1.07 

1 90-2.10 

0 176iU.03I 

-O.llli.0.05 

]l/.42)7/2(l)7/. 

0.34-1.07 

1.35- 1 .45 

0.031±0,036 

0.037±0.05 

11/42)7/41)7/, 

0.47-1.41 

1 .80-2.00 

-0.07S;J; .078 

-0.026±0.12 

13/41)11/42)7/, 

1.16-1 .07 

2 00-2,30 

0,084^0.083 

0.019i0.l0 

fll/, (2)7/41)7/, 
ni/,(2)9/41)7/, 

\ 9/3(2)9/41)7/, 



DISCUSSION 



The ground state of 

and have been 

assigned on the basis of single 

particle shell model (Goldliabor and Hill, 1952). 

The beta spectrum of Q.ld 

gj^i 26 iiieasurod with 

a Sieghbahn-Slatis spectrometer. 

The end-energies 
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and log ft-values were found to be in accord with these previous results (Devare 
(4 al., 1964). The spin assigiunonts to the levels of 81)^“ from the present measure- 
ments shown under Jlyy(<9)] in Fig 2. arc eoini)atihle witli both log ft and 
angular correlation data. 


JfT'-'ffe)] . . E(MeV) 

1l/0 - O rv/rt ..//k 

11/2 




J- 1*90 9/2,11/2 

13/2 
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Ov 

6 

CO 
6 
U .J 

1 

6 


1-41 7/2 

7/2 — ^ 





— — rUf U c 

■ f\.Q1 I/O 




I 

1 

1 

' U*^7I \l C 

■ ■ R/O *7/0 


9 


7[w 

0*32 5/2 




i 

1 

\ 

[ 

[ *7/0 

12S ^ 

Sb 2 Yrs 

Fig. 2. Proposoci lov’^el-schi'ine ol Sbi- *. 


Explanation of the level siHjctruiu of Shi“» was suggested by Silverborg 
(1961) on the basis of the coupling betwciui the j/y o and th.., odd jffotons with the 
hannunic vibration of the 2 ' one iilionon exc itation of the oven-evcn core. However 
the centre of gravity rule docs not scciu to hold good there. In order to make the 
C G. Rule fit into this scheme we recpiire two sects of stat.es arising duo to the«c 
couplings. For the 2^ coupling the C. G. lic>s at l.iriMoV c.msidciring the 
0.640, 1.076, 1.41 and 1.47 MeV levels of Fig. 2, in whi.di a 9/2 ' level has Iwcn left 
out In Table 1 the 1.16-1.076 MeV .cascade shows the possibility of a .)/2 ni er- 
mediato level at or near 1.076 Mc^V, not resolved from the 7/2 ' 1 .076 MeV hue m the 
spectrum. This would, however, suggest a mode of decay 

a^d a 9/2H level very nearly at 1.076 MeV. When this level is taken into consi- 
deration the above values of C. G. comes out to be at 1 11 MeV, fairly in a^oemmd 
with the energy of the 2^ state of Sn- at 1.13 MeV. Some of the other levds 

U 1 + ,7 0+ counlintt At the present stage the set for this 

belong to the coupung. -tie- v , . au , qo MoV 

scheme cannot be completed. Morover, the levels at J 

have high spin values whose origin cannot be connected to any of the above 

mode of couplings. 
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IONIZATION CROSS-SECTIONS OF ATOMS AND 
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ABSTRACT . Apparoiit ionizatiou tToss-sectioiis of .several atoms and moleciiiles for 
70 ov electrons have bo(*n measured witli the help of a mass spectrometer. By introducing 
a simple correction an attempt has boon madt^ to impro\'e the method of Otvos and Stevenson 
for the calculation of the ionization cross-sec tiozis of atoms and molecules. Wit h this correc- 
tion, the additivity postulate for the molecmlar ionization cross-sections ajjpcars to hold better. 

INTRODUCTION 

The knowledge of ionization crofc^s-seetions of atoms and moloeules ha? various 
practical applications in problems of physics and Ai tro-physi<;s. This is of particular 
interest and importance in tlie analytical applications of mass spectrometry. 
The ionization cross-section is intimately related to the electronic structure of 
atoms and molecules. However, till now reliable data on the ionization cross- 
sections are very scanty. The earliest abholute measurements of the ionization 
cross-sections are those of Bleakney (19J10), Smith (1980) and Tate and Smith 
(1932). More recently, Otvos and Stevenson (1956), to bo subsequently referred 
to as 0 and S, and Lampo, Franklin and Field (1957) subsequently referred to as 
L.F. and F have used mass spoctromote^^ to obtain the total cross-st^ctions of a 
largo number of atoms and mok*(;ule« using 75 ev electrons as the ionizing agent 
in the ;:ource of the mass spectromottT. The agn^ement between the two tets of 
data is not quite satisfactory. The methods available at present ftjr the calcula- 
tion of the ionization cross-sections are at best approximati^. By considering 
their own experimental data 0 and S have suggested that tlie molecular ioniza- 
tion cross-sections can be calculated as a purely constitutive proj>erty of the 
gaseous substance. This suggestion of 0 and S has been critically analysed 
and compared by L. F. and F vdth their own experimental data. They 
have arrived at the cionclusion that tlie seeming agreement between 0 and S 
calculated and experimental values is a consequence ol compemating errors and 
therefore reservations have been expressed regarding the validity of additivity 
postulate for calculating molecular ionization cross-sections. The present state 
of our knowledge of ionization (Toss-sections of atoms and molecules has been 
reviewed by Haissinsky (1961). It is clear that further independent experimental 
measurements are needed to I'csolv'c the discrepancies between various sots of data 
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M'ilicli will also Jielp in formulating a beit(a* theoretical method for the calculation 
of molecular ionization cross-scM.*tk>ns. With this end in view we have measurcMl 

the ionization (a’oss-sec^tions of st^voral atoms and mohniiiles by bombarding them 
with 7b ov electrons at the source of our MS3 mass spectrometer (inanufactiinMl 
by Messrs Associated Eleetri(^al Industries Ltd., XT.K.). 

In the second half of the paper, attemj)t lias lunm made to introrluce a simple- 
correction and theri^by improve^ the method of (jalciilation of molecular ionization 
cross-sec^tions as suggestc^d by O and S. Witfi this correction the additivity 
postulate for molecuilar ionization cross-s(‘/(jti()n appears to hold better. 

J<] X h] Ji 1 M E N ^1’ A J. 

In a mass spectrometcu* if is the electron imrrent and is the positiv(^ 
ion current, N the nunib(^r d(‘nsity of the atoms and 7’ the j>ath length of the elec- 
trons tlum Massey (1950) 

... ( 1 ) 

where is tlie apparent ionization cross-}* e(ttion whicl) may bo written as 

I ... (:-7 

where .... are the cross scM*tions for single, double ...etc. ionization. 

For effusiv(5 fl()W% if w(‘- d(4(U'mine total ion current as a function of the reservoir 
pressure in the mass sjKxjtronicter, a straiglit line should be obtained by plotting 
the total ion current i ' against n'servoir pre8sur(^ with the slope pr(>pt)rtional to 
the ionization crofcs-stH^tion. By taking tJie absolute ionization (Tf)ss section of 
a substance from some t)th(‘r source ((‘.g. Smith, 1939 and Tate and Smith 1932) 
as standard, one <;an lind the apparent ionization cross-section for any 

other substance. 

Experimental moasununents wvvi) made w ith the MSS mass spectrometer 
which is a 90 ''-sector ty^])e instrument, with a tube radius of 4 in. The ion 
sourc^e was run with 2kv ion accelerating voltage, 79 ev electron accelerating 
voltage', 3V ion rep(‘lU*r voltage and 85// .4 trap current. Peaks were tuned by 
magnetic scanning and v ery small variation of the ion accelerating voltage. The 
gas reservoir of the mass si>e<‘trometer w^as slightly modified to includea McLeod 
gauge for measuring the rcsciwoir pressure accurately. The gases He, Ne, A, 
Kr, Xe, Ng and 0.j wori' supplied }>y Messrs British Oxygen Co., as spectros- 
copically pure. 

The total ion current was determined by^ a<lding up the specific intensities of 
the ions in the rijsolved mass sptu'tra. The total mass spectral sensitivity, however, 
has not been corrected for the mass discrimination e^ffintt as this is minimised to a 
large extent by employing magnetic scanning in our mass spectronu^tor and what- 
ever discrimination still remains will be more pronounced in case of fragment ions 
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witJi large initial kinetic: eneigies forinecl an a result of dissociation of inolecnles. 
Tlius tJie effect of neglecting mass discriminati >n in calculating the relative total 
ionization eross-section from the total mass spectral sensitivity data can be consi- 
dered to l)e minor especially in the case of monatomic gas<>s. The absolute ioni- 
zation cross section of argon at 10 ev which is used as standard is taken to be 
;}.r)8 X 10-’® cm*, which is the value ol ionization efficicmcy of argon at 70 ev 
(12.75 positive ions/cm path/mm pressure at 0"(1) as reiiorted by Smith (1030) 
multiplied by the conversion factor 2.H1 V 10-1^ to get t in' cross section in cm** 
unit. The result.'-' tJius obtained are shovvtD in Table 1. Kor the sake* of com- 
parison we have' also given the value' of 75 pv as obtained by 0 and S and 
L. F. and F with a slight corrc'ction. The value ot tlie ionization cross 
st'ction ot argon at 75 c*v has bcsai takc'ii as 3. (>2 X' 10 cm* as rc'portod by 
Smith (1930) and not 3.52xl<(~‘® cm*. The ionization cross section of other 
atoms and molecule's have increased slightly due to this change in the value 
of the standard. 


TABLE 1 

lonizatiot> (Voss Sections ;>f Atoms and Molecules 
((2<Xl(’'*c]n*) 


»SiibHtance 

70 ov 

olo< 'troiiH 


75 ov olof trolls 


This work 

Ahsoiufo 

tnoiisuromonl 

Ahsoliito 
moasurornriil s 

() S (1050) 
Expf . 

L.F. & F. 

(1057) 

Kxpt. 

Ho 

0.300 

0 312" 

0 322'* 

0 200 

0.397 

No 

(I . 

0 5‘».3« 

0 022'* 

0.570 

0.033 

A 

S.TiH 

3 5S« 

3 02<^ 

3 02 

3.02 

Kr 

5.17 


— 

5 55 

5.33 

Xo 

6. OS 

- 


— 

7 . 53 

Na 

2 47 

2.07«^ 

2.74d 

2.72 

2.00 

Oa 

2.51 

2 63«> 

2 . 704 

2.34 

2.58 


a Smith (1930) 

h Massey, H.S.W. and Btirtiop, E.A.. Kh-ctronir and Ionic Imimct Phcnmncrui, p. 285, 
Oxford UniverHity Pross, Oxford, I9o2. 
c Interpolated values from Smith (1930). 
d Interpolated values from Tato & Smith (1932). 

It may be seen that the agn^ment between our meafturemonts and those of 
Tate and Smith (1932) is fairly good. For kryi)ton and xenon no data are avail- 
able for 70 ev electrons. It is pospible that due to the presence of various 
oleetrostatio fields and secondary electrons in the source of the mass spectrometer 
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some imcertainty will occur in the dett^rniinatiori of the ionization cross section 
by this method. 

THEORETICA]^ CALCULATION OF THE 
IONIZATION CROSS-SECTIONS 

Betho’s (1930) formula for tho total ionization cross-section may be written as 



where e is the cliarge, m the mass and V is the velocity of the electrons. E^i is 
the ionization p(itontial and the nuclear (?hargo corresponding to the vl shell. 
0^1 is an energy of the order of the ionization potential and is given by 

('ni J 1 x„i.k I ... (4) 

1 ^nhki 1 ^ one-third the mean scpiare radius of tho (dectron and dk corresponds 
to a range of energy such that k lies between k and k-\-dk. K is related to 
tho energy of tho level, by the relation, 

Ej^ == kVi^lHnhn. ... (o) 

However, it is not possible to apply Eq. (3) satisfactorily to atoms more complex 
than helium. In order to calculate the ionization (^ross-sections of atoms, O and 
S have modified Bethe's (1930) formula. According to the modified method, 
the ionization cross-section is calculated as the sum of the outer or valence 
elec^trons weighted by the mean square radii of those elec^trom as calculated 
from hydrogenlike wave functions. 

In order to calculate molecular ionization cToss-soctions, O and S have 
used the additivity postulate according to which tJie ionization cross-seotion 
is the sum of the cross-sections of the constituent atoms. In a subsequent publi- 
cation L.F. and F have analysed their own data on the ionization cross- 
sections of a large number of atoms and molecules as well as those of 0 and S. 
Their analysis shows that tho agreement between the experimental and the 
theoretical values of the; total ionization cross-sections calculated by tho 0 and 
S method is not satisfactory and the additivity postulate does not hold well. 

A look at Table II shows that for the atoms the difference between the calculated 
and the experimental values of the total ionization cross-section increases 
with the increase of the atomic number Z. It has also been pointed out by O and 
S that due to the method of calculation, the values of the mean-square 
radius become too large for the outer or valence electrons for higher Z values. 
This error in calculating the mean-square radii results in too high values of the 
ionization cross-sections calculated by the 0 and S methodi 
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TABLK n 

T5xpmmontal and calculated atomic ioiii'/ation crf)»SH sections, 

(QiXW^cm^) 


Substance 

Z 

O & S (196«) 
(Exp(..) 

0 & S (1956) 
(Oalf.) 

Deviation 

He 

2 

0.299 

0.347 

4-0.048 

Ne 

10 

0.579 

0.875 

4-0.296 

A 

18 

3.62 

5.45 

4-1.83 

Kr 

36 

5.55 

8.70 

-1 3.15 

Xo 

54 

7..53« 

12.1 

4 4.57 

«Expt. value of L.F. & F (1957) 


In order to test the validity of the additivity postulate for calculating molociilar 
ionization croas-sections, it is essential to have (jorroct atranic ionization cross- 
sections. For this we assume the difference ])etween the (calculated and the ex- 
perimental values of th(' atomic ionization cross-sections to he function of Z only 
i.e., 

= Qicale^ (^) 

where (\Z) is tlie correction factor. 

Jn Fig. h we liave plotted the difference* l)(dwe(*n tin* calculated and the 
(‘xperimc'ntal values of O and »S of the total ionization cross-st^ction (Qicaic 



F%. 1. Difference of the O & S (1956) calculated and experimental values of the totalioniza 
tion cross-section, as a function of Z. 
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Qiexpt) ^ f’unctiorj of Z. Thero is some uncertainty in the calculated values 
for Ne, consequently, we have considered only the point for He, A, Kr and Xe. 
It will h(' s(*eii that the plot is a straight lino passing tiirough the origin and thore- 
fon‘ (\Z) jnay b(' ropresenterl as 

0{Z) - AZ ... (7) 

with A ^ 

Although at present it is not possible to explain quantitatively the increase 
of tile eorre<*tion factor ('{Z) with increasing Z, a qualitative explanation may 
however, be given. The expression for the in(^an square- radius of the electron 
{n, I) may be written as, 

... ( 8 ) 

where is the Bolir radius, n' the eOective quantum number and S„i the Slater’s 
screening constant. Jn the ionization process th(‘ scTi^ening is complete only when 
the eiKTgy of tlu* ejected electron is less than th(^ energy of the scattered electron, 
Bates (1962). As the atomic numb(*r Z increases, the ionization potential of the 
outermost cslectrons decreases with a const^quent inc^rease of energy of the ejected 
electron. Hem^e, the probability of the energy of the ejec^tod electron to be higher 
than the energy of th(‘ s(^att(*red electron increases with increasing Z. This means 
that the values of should be taken less than SlatcT's value as Z increases, whiiih 
will result in lower values of Tn the O and S mt»thod the effect of in- 
compl(^t(^ screening has not been considered in calculating the value of 
htmee difference betw^een the (calculated and exjKuimtnital values of ionization 
cross-section incTcases w ith increasing Z, Another probable source of error in the 
method of 0 and S as pointed by Haisinsky (1961) is tlieir association of the 
ionization cross-section with S<r2>. Actually 2<r‘^> is proportional to the 
sum of the ionization cross-sections and tlio excitation cross- se(;tion Qe, i.e. 

Qi + Qe aS<r2> 

Qi=-Ki:<r^> Q, 

Thus the success of in correlating the observed ionization cross-sections 

depends on the constancy of the proportion of inelastic collision which results in 
excitation. If the proportion of increases with inceasing Z the difference 
between the experimental and the values of as (jalculated by the O and S 
method will also increase. 

By using Eqg. (6) and (7) it is possible to correct the calculated values of the 
atomic ionization cross-sections arrived at by 0 and S method. We have 
then calculated the molecular ionization cross-sections as the sum of the corrected 
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(lon&tituent atomic ionization cross-sections. Tho results for some inorganic 
and hydrocarbon molecules are shown in Table III. It may be seen that tho 
agrecunent between tho experimental values of 0 and and their calculattMl 
values after correlation is reasonably good thoreliy supporting the view that the 
total ionization cross-section of moh'.ciiles an eoiistiiutivi' niolefuilar propertiivs. 
This is also in agreement with the quantum meclianical eaJciilations of Watanahe 
(1961), who showed that for impinging olectrons liaviiig energy greater than 
SO ev the additivity postulate should hold within 20 


TABLE 111 

Molecular ionization crc'HS-st^ctions (Qi) 

Qiifh) - I 


MolociiltJ 

0 &. S (I95(i) 
Calc. 

0 & S (1950) 
Kxpl . 

0 S (1950) 
coiToct.cd calc. 

N. 

3.84 

2.04 

2.58 

02 

3.29 

2.20 

1.85 

CO 

3,73 

2 . 0 C> 

2.47 

(J 02 

5.37 

3.40 

3.39 

H 28 

7.40 

4.23 

5.78 

HCl 

(i.40 

3.68 

4.78 

(JH4 

4.08 

2 84 

3 18 

C2II4 

8. 10 

4 17 

4.72 

C2H0 

7.15 

4 91 

5 . 53 


9.24 

0.20 

7.08 

0.,H8 

10.2 

6.85 

7.80 

i-C 4 H 8 

12,3 

8.37 

9.42 

n-C 54 Hio 

13.3 

8,91 

10.24 

i— Cfillio 

15.4 

10. 1 

11.80 

n-CsHi. 

10.4 

11.1 

12.02 

CqHo 

15.5 

10.8 

11.72 

Cyclo— 0(3 

18.5 

11.5 

14.18 

ii-CgHu 

19.5 

12.8 

15.00 

CH 3 CI 

9.48 

5.26 

7.14 


In conclusion we may state that reasonably good values of the molecular ioni- 
zation cross -sections can be obtained quitt*. simply by applying the correction 
suggested by us to the values obtaino<l by O an<l S method and using ad^^liti- 

vity postulate. 



226 A. K. Batabyal, A. K. Barm and B. N. Srivastava 


KE TERENCES 

Btttos, D. K., 1962, Atomic and Molecular Processes, 391, Academic Press, New York, 
Rptlip, H., 1930, Ann, Physik, 6, 325. 

Hleakney, W., 1930, Phys, Rev., 86, 1303. 

HaiBHinHky, M., 1961, Actions Chimiqucs et Bioloyiques des Radiations^ Vth Sorios, 
Massoji ot Cic, Paris. 

Lamp(*, F. W., Franklin, J. 1 j., and Field, F. H., 1957, J. Am, Gheni, Soc., 79, 6129. 
Massey, H.S.W., 1956, Ihindbuch der Pkysik, 86A, 'Pom 11. 

Olvos, .1. W., and Stevenson, D. P., 1956, J. Am. (Uiem. Soc., 78, 546. 

Smith, V. T., 1930, Phys. Rev., 36, 1293. 

'Pate, T. T., luid Smith, P. T., 1932, Phys. Rev., 89, 270. 

Wataiialxs T., 1961, J. Phys. Soc., Japan, 16, 529. 



27 

ON THE REPRESENTATION OF THE DISTORTIONS 
IN U ORBITALS IN THE BONDING MOLECULAR 
ORBITAL OF A HOMONUCLEAR DIATOMIC 
MOLECULE 

S. CHATTERJEE aItd A. K. BARUA 

Indian Association for the Oitltivatton of Science, Calcutta- 32. 
(Received March 10, 1965) 

ABSTRACT. 'I'hc energy of the lowowt stute oi' luw been (‘aleulated by 

iiBing Inui-Nordsieck typt^ orbitals. The ri'sults show that this type of orbitals an^ flexible 
enough to give a very satisfaetory represontat am of the* distortions in Is orbitals in the bonding 
orbital of a homonuclear diatoinie molecule. 

I N T K 0 D U C T I 0 N 

The success of the ah initio calculation of the molecular energies (lepoiids largely 
on the choice of molecular wave fun(?tions. Till now, mostly linear combinations 
of Slater type orbitals (S.T.O.’s) have been used for constructing molecular orbitals. 
However, a serious drawback of thc>se orbitals is the inability to represent ade- 
quately and economically tlic distortion in tlie attjinic charge cloud when it be- 
comes a part of the molecular system. This aspect of tlic problem has recently 
been disc.ussed in some detail by Gcller, Frost and Lykos (1962) and Miller and 
Lykos (1962). They have shoAvn that the main effect in the electron cloud of an 
atom when it forms a part of a molecnik^ is the ‘charge shift which means the move- 
ment of the centre of electron density from around tin^ attractive nucleus in an 
atom to a region between the nuclei in a diatomic system. A second order effect is 
the deformation of the charges cloud associated with a jiarticular nucleus as it is 
stretched along the intornucicar axis. 

It has been pointed out by Harris (1960) and Barua and Chatterjec (1964) 
that attempts to represent the deformations in molecular orbitals by using 8.T.O. s 
of added complexities may not be worth while. For diatomic molecules, wav^ 
functions in the ellipsoidal coordinates with the nuclei at the foci, though quite 
simple in form, are expected to represent the distortion of the atomn; orbitals to 
a large degree. The success of this approach has been proved by the recent cal- 
culation of the repulsive energy of the H-He system by using Inui-Nordsieck 
type orbitals (Barua and Chatterjee, 1964). 

The Inui-Nordsieck type orbitals have been used by Sakamoto and Ishigui-o 
(r966) for the calculation of the repulsive energy of the He-He system which was 
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not quite successful. The reason for this has been shown by Huzinaga (1957) 
to be the failure of the same set of parameter for both the bonding and anti-bonding 
orbitals to represent properly the distortions of the atomic orbitals. For a hetero- 
nuclear system like H-He, tht^ sets of parameters for the atomic orbitals of the two 
atoms are independently variables and the limitation found in the case of 
is not present. 

For tht^ calculation of the lowest state of molecule only the bonding 
orbital is to be used. It is interesting to see how far the Inui-Nordsieck type orbitals 
can represent the distortions in the Is orbitals of the bonding molecular orbital. 
With this end in view, in this paper we have made sample calculations of the energy 
of the state of It is also expected that the use of different sets of 

parameters for thci 1 s orbitals will mak(^ it possible to represent the distortions in 
the antibonding state properly. 

C A I. C U L A T ION OF E N E K (J Y IN T F U K A L S 


For the state of molecule, the molecular orbital may be represented 
as, 

'lf = Xa+Xb (I) 

Xa and Xb being the atomic orbitals of the two nuclei of Hg * and are given as 


,v. = <•— - 1 

J 

a and being the parameters of the atomic orbitals and 

i-ira+ri)IJi 1 


( 2 ) 


( 3 ) 


f/ =-- {ra-r„)IB ) 

where R is the distance between two nuclei, Va and are the distances of the elec- 
tron from the nuclei a and 6 respectively. 

The Hamiltonian of the system, in atomic units is given by 




^ + - 


The energy of the system may be written as 

E = 

We define the following integrals 

\ X.Hr=^ 

f XaXbdr^”-^-F 


E 


... (4) 

... ( 6 ) 
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Ou the RepTcseutation of the Distortions^ etc. 


J Xu{-V^)Xadr - !:Xbi-V^)Xf4T - nBa 


/ Xa(-V^)XbdT 

== /A'fc( ~V'^)Xddr - tjR] 


{ Xa^ ~ dr 

ttR^ „ 

= — A 


f;^«* ]rdT 

J 

wA* , 

L 


[ XaXb!^ dr 

- 2 


f ' dr 

^ N 



... (7) 


The expressions for the integrals in Eq. (6) have boon given in the Appendix. 
In terms of (7) the energy may he written as. 


1-^^ ... m 

with 

X - 2\r-iK+L+M-\-N)l{E-\-Fm I ... (»a) 

Y ^2(G + l)l{fiJ+F) ... (»b) 


For a particular value of /?, the values of oc, /J are to be varied till the minimum 
value of the energy is obtained. First, the parameti^rs were varied at an interval 
of 0,125 by using the tables of Miller et al. (1958). The exact values of a, /J 
which gave the minimum value of E were obtained by the method of Sakamoto 
and Ishiguro (1956). 


TABLE T 


Energy of the 

state of ^2 ^ 

for R 2au 


Vahios of the 


Wave fiineiion 

paramt'ters 

Energy —Eau 

One parameter® 

C - 1 

0.5.5,377 

One parameter® 

J =-1.293 

0.. 58651 

Two parameter® 


0.59980 

Three parameter® 

a -1,362.5 

0.60183 

Present 

p - .9100 

0.60228 

Bates et. al. (1953) 
(actual) 


0.60262 


« Miller and Lykos (1962) 
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H E « TT L T S AND D T H 0 F ,S 8 I 0 N 

Th(‘ results of our (calculation at i? — 2 a a are shown in Table I together 
with the result of a few other accurate (calculations including ,the exact values 
obtained by Bates rt al, (1954). It may be scon that our values obtained with only 
a two-parameter wavefunction is in better agreement with the exact values of 
Bates ff al. (1954) than even the values obtained with three parameter hybrid 
orbitals used by Miller and Ijykos (1962). The present sample calculations show 
that tht‘ Inui-Nordsieck orbitals are flexible enough to represent adequately the 
distortions iri the Is orbitals in the bonding orbital of a homohucloar diatomic? 
molecuk'. In fact, they represent the? atomic charge chmds in a molecule better 
than th(‘ cornplicatc'd combinations of different S.T.O.’s. Further studies of the 
reprosimtation of the distortion of atomic orbitals in mokxmlar orbitals on tlu^ 
basis of Inui-N()rdsie(?k type orbitals are in progress. 

The authors are grateful to Professor B. N. Srivastava for his interest and 
encouragement. 
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DEHYDROXYLATION REACTION KINETICS OF 
SOME INDIAN KAOLINITIC CLAYS 

J. PRASAD* AND B. M. BLSHUr 

CENTRAL Glass and Ceramic Research Tnstitltte, (^alcutta- 32 , India. 

(Received February 5, 1965 ; Remihmitted March 10, lOO.')) 

ABSXRACX. Ihe kbiotif? ptwiimotorH for the dHliytlroxylation proc'oisH of live Indiivti 
kaolinitic clays have been found out experimentally. The results obtained by thermogravi- 
metric and differential thermal analysis methods showed fair agreement. The dohydroxylation 
rea^^tion for all the clays ob(5yed first order kinetics. Activation (energy for Rhandak (‘lay 
was found to be highest indicating it to be most w(dl crystallised kaolinitc. 

INTRODUCTION 

When a kaolinitic clay is heatocl there is loss of structural hydroxyls between 
about 500-700°C. This process is known as deliydroxylation, since during this 
operation the neighbouring (OH) radicals in th(^ kaolinitc sinn^tun^ coalesce 
tog(^ther to form water vapour. 

A prior knowledge about the dehydroxylation cbarat^U^ristics of a (day is of 
much advantage to the ceramic industry where during manufactunb the body is 
almost invariably heated beyond this tempcratiin^ range, and the strengtli which 
is rendered to the ware, before and after firing, is one of th(v principal considera 
tions in selecting a clay for a particular purpose. 

Work on the dehydroxylation reaction kinetics of a large number of (days has 
been reported previously by several authors (Murray and White, 1949, 1955; 
Vaughan, 1955, 1958; Brindley and Nakahira, 1957). No work in this dirtuition 
on Indian clays has come to the notice of the autliors. 

In the present communication results on the dehydroxylation kinetics of a few 
Indian kaolinitic clays are presented, obtained by using thcrmogravimotric and 
differential thermal analysis methixls and the activation energy and frequen(;y 
factors for the reaction calculated. 

THEORETICAL CONSIDERATIONS 
Thermogravimetric method 

Weight loss measurements as a function of time at different temperatures 
in the dehydroxylation peak region were used for determining kinetic parameters 
by the thermogravimetric method. 

• Present address— Central Scientific Instruments Organisation, Chandigarh. 
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Let f)o tlio aTTiouiit of day present at any instant / and Kj, the correspond- 
ing iat(‘ constant at tinnpc^rature T, Assuming tliat the dehydroxylation process 
oIxycMl first ord(‘r kin(‘tics, and empl(»ying the g(*ne‘ral ])nncii)le laid by Guggenheim 
(I92f)). it follows that 


dw 

df 




... (1) 




or w - f ‘ ... (2) 

where is the amount of the reacting iuat(*rial present at time t ~ 0. If AL 
represents loss in vv(‘ight of th(‘ clay during the time interval A^, then at time 
(/-}-A t) ^\o 


tr- 


- AO 




Combining (2) and (2) 




logioA/v- d0.4343AV)/ hlog,oV/^o^ ... (4) 

Hence if log|(,ALvs^ plot for a <wtain constant time interval A/, at any experi- 
jnental temperatun* 1\ gives a straight line a first order kinetics is indicated and 
from tl\e slo])e Krp can b(' (‘valuated. Equation (4) thus enables th(5 rate (jonstants 
at different teunperatunss to b(‘ evaluated graphi(uilly. 


From Arrehenius equation K^p — 


or 


logn,AV 


(0.434HA') 

n 


-! lop H.- 


(r>) 


(6) 


where E is the activation energy and log^Q/l the frequency factor. Equation 
(6) indicates that the plot of logioA'y vs//T should bo a straight line, and from 
th(^ attributes of the same E and logio-^ be (jvaluated. 

Differeniial thermal analy>ns method 

The variation in dehydroxylation peak tem])erature with different heating 
rates was used for determining tiu' kinetic parametiTS by differential thermal 
analysis method. 

Combining ('qiiatioiis (1 ) and (5) above dealt already under thermogravimetric 
method 


dw 

dt 


— ~-Awe~'^l^^ 


(V 


or 


<1^ _ Ae-EIRT dw . E dw dT 


( 8 ) 


lo 

At peak maximum (Tw) in tlie differential thermal analysis curve = 0 



Dehydroxylation Read^ion Kinetics, etc. 


m 


Hence 
where // 


A _ 


Tm^ 

dT I dt (heating rate). 


R 



In 


AR 

E 


... (9) 


Thus if the (iehydroxylation prcxHW obeyed first order kin('tit*H In vs 

pl(^t should bo a straight line, from which E and freijm^ucy factor log^^.d can be 
evaluated. 


E X P E R J M E N T A L 

T'hermogra vmietr ic amdysi^ 

V 

The therinogravimetric analysis Avas doiu* MitJi the apparatus d(\scribed by 
ScMi (1958). The buoyancy correction for the heating cycle of therinobalam^e was 
determined by using calcined alumina as the r(‘fer(mce iiiaterial. Tlu' sariipk^s 
Mere first preheated at 410''C to <oiistaiit weight, transfen(‘d in a platinum 
boat, keeping the same ex[)()sed area through all (^xjMuiiucnts, and readings of 
the weight loss taken as a function of thne at different t(‘iiiperaturos in th(^ 
d(4iydroxylation peak Region. 

Differential thermal analysis 

For D.T.A. curves, the apparatus describecl by Atma Ham el al, (1955) M as 
used, which enabled any heating rate between J-I5‘ (^min, to be adjusUvd within 
an accurac^y of dzO.l'^C. Before taking D.T.A. run, the samples were agated 
to pass through 200 mesh Tyler, and stand in va(‘uum for at k'ast four days over 
a saturated solution of Mg(N 03 ) 2 fiH 20 . CalcincMl alumina of ecpial fiiuvnoss w as 
used as the reference inert matc^rial. The temperature thermocouple was located 
in the inert material and peak temperatures obtaintnl reported as such. 

K E s u L r s 

Isothermal dehydration curves of Beldanga clay at fi different temperatures 
in the dehydroxylation peak region are given in Fig. 1. Logj„ALvs^ plots tor 
this clay are given in Fig. 2. 

D.T.A. curves at different heating rates of the clays ans given in Fig. 3. 
Utilizing equations (6) and (9), Fig. 4 shows the Arrehenius plots for the different 
clays. The calculated values of the activation energy and frequency factor for 
the dehydroxylation process of the different clays arc given in Table T. 

DI8CUS810N 

Fig. 4 shows that log^ ^^2 plots for all the (jlays under study are 

linear indicating that their dehydroxylations obey first order kinetics. 

Amongst all the kaolins luider study, that from Bhandak region showed the 
highest activation energy (42.36K Cal/mol/^l£)(Table I). This indicate a stronger 





TIME (secs) 

Fig. 2. Login AI/ VH t plots of Beldanga clay at diflerent temperatui'OB 
(i)orivt}d from Fig. 1 tcdcing A^s^2i00 secs.) 
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i36 



Fig. 3. (4) A, B, (5, 1) ciirvt'H at (>, J), 12 and 14 .()°C7min. rospuc lively. 



Fig. 3. (5) A, B, (’, D. K — rurvew at 3, 6, 9, 12 and 14.9®0/min. rospfio lively. 

TABLE I 

Activation energy and frequency factor for the dehydroxylation 
process for some Endian clays 


Fltty 

Aeliv'ation 
energy, IC 
{K eal/mol/^iC) 

Frequency 
factor, logioA 

Knsumpm* 

37.18 

9.00 

Kot Ranuipur 

30.53 

7.03 

Bhaoidak 

42.36 

10.60 

Rajmahal 

39.74 

9.67 

Heldangti 

38 . 79 

9.66 
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lM»n<liiig unci niori- orclerc'il Htriuturc' in it, which evidence is also corroborated 
from X-ray analysis and electron microscopy results (Bishui and Prasad, 1959; 
Prasad, 

A comparison of th(‘ results obtained for IS and logio^ of Beldanga clay by 
therinogravdmetric and differential thermal analysis methods (Fig, 4) showed 
fair agreenumt between them . This suggests that for evaluating kinetic parameters 
of kaolinitic clays, less time consuming D.T.A. method may be preferred in 
plac(^ of thermogravimetri(* nu^thorl wh(T(dn considerable computation work is 
involved. 

The deliydroxylation of kaolinito is not instantaneous but spreads over a 
fairly larg(‘ teiuperatim* interval. This indicates that possibly the frequency 
factor in the deliydroxylation of kaolinite is related to the probability with which 
tJie (OH) radicals in tlie kaolinit(‘ structure combine when a certain threshold 
(mergy has be<ui givt‘n to the system. 

A(^ K N 0 W LK l)(5 EM KNT 

The authors are thankful to Dr. Atnia Ram, Director of the Institutes for 
his keen interest in the work and kind permission to ])ublish the paper. 
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ELECTRONS BY ATOM IN SECOND BORN 
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ABSTRACT. In tho presciiit paper, th(' diffepejitial (‘rows Hoftiou of w'attoring and 
the asymmetry after double scattering for electrons of energy 121 kin- by screi^ned fit‘ld of tho 
gold atom have been calculated by the Born method in second approximation, the theoretical 
findings have boon compared with the exact rc^sult-s obtained by numerical computation. The 
comparison allows us to re-examine the degree of validity of tlie Born method in scattering 
process, ft is found that the second Horn approximation givi's fairly good results for S(*attering 
cross section of 121 kev ele(*trons, but for polarization efft'ct. lh(‘ si*cond approximation is 
inadequate. 


1 N T li O I) U V T I 0 N 

In r(‘eont years, the study of scattering and polarization of eli'tdrons in tho 
field of a heavy atom has assumed importancH* lH*oause oi tlu* relt‘vaney of tho latter 
to /y-doeay interaetion}« theories. There an* two main difiitMiltios. ont^ of tJiem is 
the (•hoi<e of a suitable represcuitatioii of the screened field surrounding the at(»nne 
nucleus and the other is tlie limited range within which the*- analytical methods 
are valid. Because of tlu' latter diffi<ndty, recAUirsT* to numerical computation is 
now almost a common practice*. Apart from jnatluuuatical nicety the analytical 
method often allows us to probe the problc*m step by stop. With that in view 
wo have calculate'd by second Born ayjproxiniation tlu* cross sec.tion of scattf^ing 
and the consequent polarization <d‘ elc'ctrons in th(i field of the* goltl atom. 

The nuedems of a heavy atom is surroundeMl by an edoctronic (doiid; the e^ffeu*- 
tive field of such a system is usually given by the* Thomas-Femi or Hartre>e-F(>ck 
method; in our (calculations we have* takem the two teuin fiedd’ of Mohr and Tassm 
(1954) which reproduces tho Hartree fi(*ld fe)r gold very W(*ll. 

Bartlet and Welton (1941) have caljulateel the cross section <d‘ scattering of 
electrons of energy 100 ke^v and 230 kev in the sc*re*(med field of meu‘cury atom by 
three methods : (1) Integration with differential analyser, (2) W. K. B. nmthod, 
and (3) First order Born approximation. They have^ found that the^ first order 
Bom approximation is not so good as the other two. It is with a view to seeing 
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wlu'tljor soc'Ohfl Bofn approxiinatioTi impn)v<‘H tlie thoomtical findingi^ wo have 
(lone the calculation both for scattering as well as for polarization effects when 
electrons of tuiergy 121 kev impinge on gold atom. 

Mohr and Tassie (1954) have calculated the differential cross section and 
polarization effects of electrons scattered by gold by a semi-analytic method. 
Without making rigorous calculations with Dirac equation, they have added the 
influence of spin as a correction by assuming that the difference in the phase values 
when spin is taken and neglected is the same for the coulomb and the screened 
coulomb. 

Sherman and Nelson (1959) have obtained by numerictal computation, scat- 
tering cross section and polarization asymmetry for electron scattering by gold 
using Dirac ecpiation, but they have neglected the screening. 

Very recently Ian (1964) has made numerical computation for scattering cross 
section and polarization of electrons of 121 kev energy by s(;reened gold atom. 
Ac(^ording to his estimate, the error in the cahuilation is less than 1 %. On com- 
paring our results with those of Lin we find that the differential scattering cross 
section results c.alculated by second Born approximation method agrees fairly 
well with values obtained by numerical computation}-, specially for smaller angles; 
however, the second Born approximation is found to be inadequate for polari- 
zation results. 


M A T H E M A T T A L F O H M IT I. A T I O N 


The Dirac equation for an electron of energy E. mass m, moving in the 
field ZeV of an atom may he written as 

\E — irti(a * grad) 1 /imc^]rlr ~~Ze^Vi/r 

where a, ji are the Dirac matrices and wave function has the four-corn ponont 
(column form. 

If wc^ operat(' on both sides of the above equation by 
D \ E [ 'icMoL • grad) - pmv^\ 

we obtain 

... ( 1 ) 


where 





We seek a solution of Eqn. (1) the asymptotic form of which is 


\j/ -r. aei^o • 


^ikr 

r 


( 2 ) 


kq denotes propagation vector along the incident direction, Ikq]* = fc*. 



Elastic Scattering and Polarization of Electrons^ etc, 241 

The first part represents tlie incident wave which consists of particles having 
an arbitrary spin direction. If the incident particles move in the Z direction, 
then a can be written in the form 


—cKkA 

cUkB 

E ) 

A 

B 

—B V 

where — — ~ (^ot (x^ w) lieirig tlie sj)horical polar angle of the arbitrary 

s])in dirtiction of the incident wave. 

The current due to the incident wave depends on |/1 1“ |' \B\'^,A, B being 
the 3rd and 4th elemcmt of a. In the sajue way the current due to the scattered 
w ave depends on | | 

The elastic scattering cross section is 

d(T _ I I I '^^4 I ^ 
da 


If we (;hoost3 \A p-|- | Up — 1, tlie scattering cross section is 

The scattered w'ave is evaluated by Born apprc*ximation upto second order. 
In view of the asymptotic condition (2) the differential equation (1) may be 
converted int(; the following integral equation : 


\jr(r) 


ae'^l^o — 




I G{t, r') V'V(r')ijr(r')d' 


... (4) 


where G(r, r') = - ,eik\r-r'\, 

|r— r'l 

is the appropriate Green’s function. 

For the first Bom approximation, we replace ^(r') in the above integral by 
incident unperturbed wave function, ae^^o • 

Thus as a first approximation, we obtain 

kj— /ynic*)a 

ki denotes propagation vector in the scattered direction, | kj | * — fc*. 
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On si/nplification we have 









1 


/*■ 

*T 

1 

1 


Bf, ) 


where /, - * (k| | V | k„)l (E—mc^) (U)S ()+(E-{ mc^)\ 

>.h - % (ki I V I k„)[(A’- sin ()\ 


dy - - (kj I V I k,|) — J- [ e ili\vVeittnrdi . 

47r 4;r J 

For the Hooond Born apj)roxiniation. wo iterait^ tlu‘. above Eqn. (4) once 
again aiul obtain 

aikr 

— m’i 

r 

~ V ( lhnc:^)a.^—a^a.- [k^\ k^)'\a 


Expressing tlj(‘ amplitude as a <*oJuinn Jiiatrix, wq havt^ 


1 


1 




»« 



«"3 


Ah 

1 «"4 J 


1 Bf., 1 Ag.^K*'^ ^ 


where /g and are given by 

/j -= ( fl4-(A’+»»ca)2}«2+(^?*-»»2c«)(l+coB 
~i^ 2 ) ^(E-mc^)^ sin 0 • sin 0 j 

who«, «.= ,.-U f 


«:4 


fee 


<in(27rf 


(ki 


|V|k)[(ko+k,)-k)](k|V|ko)«. 

'k„+k,p(ira„S) 
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From Eqn. (3) the scattering cross section is given by 

rfn = I/I *+ Ifl' 1 ^+(fy*-f*gK~AB*eJ^+A*Be-i^) 

where, f=fi+fe, 9 9i+9s 

For scattering of an unpolariz^Ml beam, we have to average over all spin 
directions. Thus retaining terms upto the order (Ze^lhcf, we got the scattering 
crosssection as 

,t = l/IM-|.V 

^ |/i \^+\9i\ ‘"+2(/i/Jc/d grRe9i) 

do" I I dcF 2 

~ dn ^ d^ 


d<T^ is the usual scattering cross section in firtt Born approximation and is given 

hy 


dCi _ 

da 


”*(&■)' I (*+ F>r 2 ) 


(5) 


and dcr^ is the additional contribution to scattering cross fc^ection from second Born 
approximation, da^ is given by 





[ 


^Rer2a,)i- ^ sec* 



... ( 6 ) 


The asymmetry after double scattering of an initial impolarized beam is given 

by 

S«_2|i^«)|>/[g («)]‘ 


where D = (fg*—f*g) 


= 4»reic* ^L(k, I V| ko) ** sin* <?[ ^ ] ••• (?) 

neglecting ^ j and higher order terms. 

Thus we find that for the calculation of scattering cross section we need the 
real parts of o* and and of tlie asymmetry factor, their imaginalry parts. 


6 
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The above exproBsions (5), (6) and (7) are derived for any general potential 
which tends to zero faster than 1 /r. Particularly, for the case of gold atom we take 
the form of the potential as 

ZeV = ~ ) 

T 

With this potential, the values of a^. and take a simple form, 


4F Bin* ^ +Ai2 4P ein^ ^ 

Ja 


«* = (-^ [ % ^3(A„ A,)-|- M^{X„ A,)+ “^3 Af*(A„ A,)] 

“» = (£)» Tk7?kTp [^(2*HA,WAx,Ai)+“fM4F+A,*+A,WAx,A,) 

+ % (2**+A,*)Jlf3(A„ A3)+ “i' Af3(Ax, Ax) 


+ Af2(A„A3)f ^ M4.KX.^ -ax*ii-axa*(/,+/a)-a3‘-*i3] 


Tlie values of real parts of Ii and /g have been calculated by Lewis 

(1950); we have further extracted the imaginary parts of these expressions and a 
list of all of thoni is inserted in the appendix . 

The scattering cross sections and asyimnetry factors for coulomb hold, may 
be easily deduced from the expression (5), (6) and (7), noting that == 1, Aj 
= 0 and ag ^ 0 for coulomb field. Tho results are found to be identical with the 
corresponding results in Lalitz’s paper (1951). 


KKSULTS AND DIHCUlSSIONS 


Numerical calculation has beem made for the differential cross section and 
polarisation of electroiip of energy 121 Kev scattered by gold atom. Tho values of 
the parameters occuring in the expression for tho potential are, as given by Mohr 
and Tassie, 


aji 


79 ’ 


a 


2 



{Uq being the first Bohr radius). 


1.3 

a” 



We have oompairecl out- results with those of Sherman and Nelson (1959) and 
Lin a{'(19611,64). Slienuau et al, have calculated the floattering cross seotiou and 
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the asymmotry factor for iinscreenwl couloml) field of gold by numerical computa- 
tion of a large number of phase sliifts. lun ef (il, have furtln'r included the 
(‘ffeet of Hcreoning in his extensive numerical computation. 

The Bom scries converges very slowly in the present case as ^ 'j is equal 

to 0.97. Therefore, though the present oaloulation has boon extended upto 
second order, the third and higher order terms are of considerable importance. 
For scattering cross section the first term don^nates over tlie higher order terms 
but for asymmetry the contribution from the first term is zero, whereas the second 
and higher order terms are nearly of the sami|^ order of magnitude. Hence the 
neglect of higher order terms, affects tlie polarization . more seriously than it does 
the scattering cross section. 

In Fig. 1 we give the results of our numeri(5al cahailation of scattering cross 
section together with those of Sherman et aL and of Lin ef al. A comparison shows 



Fig. 1 (a) Differential scattering cross section in units of IO -20 cm. 2 , against angle. 

(6) The same with scales enlarged 100 times. 

that the Bom approximation gives fair agreement with the results of exact numeri- 
cal calculations specially at small scattering angles, in the present cato. 
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Tho nuraorical results for asymmetry in double scattering are shown in 
Figure 2. 



Fig. 2. 


The asymmetry 28 = 2 



after double scattring. 


The value of the asymmetry after double scattering has a gradual tendency 
to increase with tho increase of angles. The prescmt calculation does not show the 
sudden fall in the asymmetry near 45° as observed by Sherman and Lin which 
according to them is due to tho change of sign of the asymmetry factor. 

It is to be noted that the accuracy of the method of calculation matters more 
than the inclusion of the screening effect, fg '^ — is so sensitive to small inaccu- 
racies in the calculation of / and g that for a difference of 2% in the values of 
/ and g leads to a difference of 15% in the a8C^ymetry factor, as has been remarked 
by Sherman. 

The main source of error in the present calculation is the meglect of higher 
order terms in the Born series and it is expected that our analytical calculation will 
show a better agreement for elements of small atomic number in which case the 
higher order terms have less importance. 
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APPENDIX 

The following values of Mj, /j and /j have been utflized in the calculation 
of Og and given in (3). 

Re V) = -ten-. 

Im v) = i I 

R = [ifc2(-K-H/'Hv*)2-P2/t^v2]i 
S = *![^H(/t+v)2] . 

T = 

K = k„-k, 

P = ko+ki 


where, 


Im v) = 0 

Be Ji — tan~* ^ 
k Af 

i, 

k Ai 
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ON MEASUREMENT OF ELECTRON DENSITY OF PLASMA 

A. K. GHOSHAL, S. K. SEN and J. BASU* 

Institttte of Radio Physics and Electhonics 
University of Oaloutta 
{Received January 9, 1965) 

The usual methods for determining the electron density in a narrow plasma 
column are : 

(a) Perturbation method, — to note the detuning of a cavity due to introduc- 
tion of a coaxial plasma in it. The mode of the cavity, used most often, is TMqjo 
mode. For a TMqio mode in a cylindrical cavity the change in the resonant fre- 
quency of the cavity is related to the electron density in Plasma as shown by 
Agdur and Enander (1962). 

(b) Admittance method, — to note the admittance offered by the plasma 
column when placed in a waveguide parallel to the microwave electric field vector 
of TEjq mode. The relation between the admittance and electron density is given 
by Davidson and Farvis (1962). 

However, both the above methods have certain limitations. The pertur- 
bation method is assumed to be valid if N/Nc < l+(AI2nri)^ (Buchsbaum, Mower, 
and Brown, 1960), where N is the electron density in plasma, N^, is the critical 
electron density corresponding to the wavelength of microwave radiation A, and 
f j is the radius of the plasma column. The admittance n]iethod is assumed to be 
applicable if rja << 1 .{Davidson and Farvis, 1962), where a is the width of the 
waveguide. Nevertheless the results given by the methods are somewhat approxi- 
mate. Besides, in both the methods the effect of the plasma container, viz. 
a quartz or pyrex glass tube, is not properly taken into consideration. 


*Preaent Addrem : — Saha Institute of Nuclear Physios, Calcutta- 


248 



Lettefs t6 the Editor 249 

To assess the accuracy of the results and for coniparlson with the results 
as given by the perturbation and admittance methods for a t 3 rpical plasma, a more 
accurate method termed, in this report, the exact method, has been developed. 
With the plasma placed coaxially in it, the cylindrical cavity operating in TMow 
mode is tuned. Maxwell’s equations for the different media in the cavity, viz. 
plasma, its container and air (air assumed eqmvalcnt to free space), are solved, 
and the following transcendental equations relating the operating frequency / 
and the electron density N are obtainwl by applying proper boundary conditions 
(Sem, Basu, and Ghoshal, 1964) 

For N < Nc, ; 

For N > Ncy 


1 ~ ^ ^ ^o(/^0^2) 
^ o(^o^3) 


/?o = propagation constant corresponding to / 

= propagation constant in plasma == 
yffg c= propagation constant in the medium constituting the plasma container 



^o» ^2 I'h.® permittivities of free space, plasma and its container respectively. 

^2 ^'^0 the inner and outer radii of the container, 

^3 is the radius of the cavity. 

«^oj ftre the Bessel functions of the first kind ; Fq, Yx are the Bes^l functions 
of the second kind, 
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Ig, /j are the modifiefl Bessel functions of the first kind. 

Experiments have been carried out, at /Sf-band frequency, on a tjq)ical 
mercury discharge plasma column of radius = 3.89 mm, for discharge currents 
ranging from 0 to 500 mA. The plasma is contained in a pyrex glass tube of 
thickness 1.1 mm and dielectric constant 4. 58, the latter being determined by 
the method, the authors have described elsewhere (Sen, Basu, and Ghoshal, 1964). 
The cavity radius r.^ is 38..S7mm., and the width of the waveguide a is 72 mm. 
Pressure in the plasma was of tJie order of 1//. 

The electron densities at various discharge currents have been determined by 
the perturbation, admittance method and by the exact method using equations 
(la) and (15). The electron density at the maximum current was of the order 
of 1.7 X 10^^ per c.c., corresponding to NjNc 1.5. Compared with the results 
given by the exact method, those by the jKirturbation and admittance methcKls 
were within 15% and 20% resi^ctively. It appears that, of the perturbation 
and admittance methods, the former is somewhat more accurate. 

The authors are indebted to Prof. J. N. Bhar, T).Sc.. P.N.I. for his keen interest 
in the work and for helpful discussions. 
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COPPER-MOLYBDENITE THERMO-COUPLE 

A. K. DUTTA AKD R. BHATTACHARYA 

Depahtmknt of Maoketism, 

Indian Association for the Cul'CIvation of Science, 

Jadavpur, Cal(;uti!a 32. 

[Received March, 15^ 1065) 

Molybdenite (MoSjj), the well known anisotropie somi-conduoting crystal 
occurs in nature in the form of tliiii flakes parallel to l lu^ basal piano. In addition 
to its interesting electrical and magnetic prfijwtii^s its tlicrmo-elcctric properties 
are also remarkable. The value of the thermo-electric power against copper is 
about a few hundred miiTovolts (Ogawa, 1928: Pierce, 1909) per degree within 
a ranges O'^C to 200‘^’C, whereas tliat of a copper-con stantan thennocouple is about 
40//«Ydegr(^e m^ar the room t(‘mperatur(‘. In order, therefore to investigate the 
possibility of using such a tliermoc'oiiple for sensitive temperature measurement in 
(connection with our stu(li<‘s of magnetics and electrical properties of solids, we 
constructed one Cu"-M()S 2 ~-Cu thenmx^ouple. 



A thin flake of a crystal of molybdenite of length of about 6 cms. was electro- 
plated with copper at the two ends and two copper wires of thermocouple variety 

261 
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wt>r(! wilfleral at the two plated ends using soft solder. One junction of this ther- 
mocouple w as kept at 0°0 and the temperature of the other was suitably varied, 
tlu' entire length of the crystal excepting the plated portions being thoroughly 
lagged. The thermo e.m.f.’s were recorded potentioraetrically upto a temperaturo 
of about 250°(1 and are represented in the adjoining figure. It is evident from 
the figure that the thermoelectric power is practi(!ally constant within this range 
of t emperature and has a valuer of about 160/tv/dogree. Such a thermocouple may 
tliendbre he. profitably utilist4 upto about 250“C. The possibility of its utilisa- 
tion in low' temperature measurements is under investigation and will b() 
rej)orted as soon as reliable remilts arc obtained. 

The authors are thankful to Prof. A. Bosc» for his kind interest in the work. 
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AN OBSERVATION ON A NEW TYPE OF DISTORTION 
IN NUCLEAR ElVIULSIONS.* 

PREM K. ARl&YA 

Indian Instttutk or IJscjinolooy, 

New Delhi |6. 

(Received Avignat 2^ 19G4) 

ABSTRACT. An ovont (Jornonstrating the r(4r(‘lali()n brtwron si)urioiiR scafloring md 
ihc distortion peonliar to pelliclos is des(‘ribecl. It|H shown that tho origin of distortion is 
non-planarity of the poUicIe rather than differontial lihoar as geru'rally nndorstood. 

T N T R O D U 0 T 1 O N 

In recent years considi^ralile attention has hcxm jiaid to the prosenct> of spurious 
scattering in nuclear emulsions. From an earlier investigation on the causes 
of spurious scattering (Aditya r/Z 1961, 1963) and subsiHjjuent work (Aditya 
1962) it became abundantly clear tliat t he origin of spurious seattcu’ing lay in 
tho peculiar type of distortion present in emulsitui pellicles as a n^siilt of their 
flexibility. Tn recent works (Aditya and Puri, 1964; Aflitya 1964) we have 
described the characteristics of this distortion and methods of its measurement. 

During the course of these investigations measurements were made on a high 
energy event initiated by cosmic radiation, the very star whicli had b(^(Jn used by 
Biswas et al (1955) to describe the peculiar nature of spurious scattering ; the 
origin of spurious siuittering was not inv(‘Ftigated by tliem. Our measurements 
have allowed an interpretation of the event in terms of the distortion iiivt^stigatofl 
by us. The analysis is very nwcaling and is described in tlie present note. 

T HE E V E N T 

A high energy heavy primary nu(?loiis (energy per nucleon ~ 2 X 10^%V) 
traversing a stack of stripped emulsions entered at the surface-stuck-to-glass 
of a pellicle. At a few microns witliin the poUkle the heavy primary underwent 
a fragmentation into six narrowly collimated a-particles. Soon after one of the 
a-particies produced a second interaction. The collimated beam of five a-particles, 
followed through the pellicle, was found to k^ave again at the same face of 
of the pellicle at which the primary had entered. The maximum d(‘pth to which 
an a-particle went into tlie pellicle was 70//m, measured in terms of original 

(♦) This paper is the revised version of a manuscript submitted for publication in August 
1963 and which remained unpublished due to inadvertent circumstances. Some amend- 
ments have been made by giving references to further work carried out by the author. 
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tlii(*kn(‘ss aHSunu*cl to be 60()//m. Tlio tracks liad experienced, obviously, some sort 
of a severe distortion in the depth direction. 

Coordinate nu^asurenienis on the 3 and // coordinates of the Sa-particles 
iinv(^ made at r)0()//m interval on the x-axis, along which the event was 

aligned. Th(^se have been plotted in Figs. 1. and 2, for the depth and projected 
plane respectively. 

From the plot in deptli (1 —a), the nature of distortion has been obtained by 
superimposition (I— b), thf^reby yielding the contour common to all tracks (1— c). 
TJie (fontour obtained by th(^ method of alge})raic moan (Aditya 1964) has been 
ibund to be similar to that shown here. Sincci the deviations due to multiple 


1-a 



Fig. 1. Profile in depth. 


2-d 


2-b 



Imm 


I 


lOya 



Fig. 2. Profile in projection. 


scattering are random there could be no compommt of S(;atU>ring in the 
common contour. Moreover the true scattering is negligibly small and the 
common contour should be a straight line in the absence of any distortion. It 
is evident that the contour 1— rZ, which is a mirror image of the contour 1 — c, 
represents the shape of the lower surface of the pellicle, or that of the pellicle 
as a whole if the thickness is assumed to be uniform. The pellicle was thus 
not plane at the time of exposure. 

This event is particularly favourable since it has been possible to locate the 
source of th(^ dislocation in depth. The pellicle formed part of a stack, described 
by Daniel et al (1954), in which an IS/^m thick nylon-thread grid, irradiated with 
pollonium, had been used to mark oniulsions for pellicle alignment. The position 
of the threads as seen in the two sections, elevation and plan, are shown in Fig. 
3(a) and (b), le^pcctively. It is clear that the shape of the peJlIce as derived 
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at 1 - d, has resiiltcnl from the prt'senro of iho inarkiiify grid between pellicles. 
The two sets of grids have so pressed the pellicde that a cup lias bet^n formed. 
It was pointed out also by Daniel el nl (1954) that lh(‘ gaj) height, nu‘asured 
experimentally by following tracks, varices from 25 /^jm to :i5//.m within thi^ stack 
pellicles, whi(;h means that the pelliek'S w(‘^ non -plane to the extent imlicated 
})y tlumi and is substantiatofl by our measunniients. 



Fig. 3. The scale of (a) is same as in Fig. 1. and of (c) same' as in Fig. 2. 

The influence of this type of distortion on the sliape of the tracks as seen in 
the j)roj(*cted plains may now b(‘ considered. From the plot, in projection, 
of the a-partieles Fig. (2a), the (common contour 2— h has been obtained after 
superimpositiou. The contour is highly complicated and has no rescunblance with 
tlu^ conventional or iS^-shape distortion, which one may normally ('xpect. This 
(contour is reproduced at the bottom of Fig 3 to let a comparison be made with 
the sha])e of the pollicki as referred to the ])osition of the grid theads. A point to 
point correspondence is apparent. 

1) i S O V S SION 

The nature and origin of distortion dc'seribed above is different from that 
conventionally understood, viz., due to differential shear between various layc^rs 
of emulsion. A large number of investigatu)ns (Cosyns H ah 1950; Major, 1952; 
Apostolakis et al, 1957) have been devoted to the determination of this type of 
distortion, on account of which a straight track is assumed to take a reshape 
or at worst an .9-shape. Measurements are conventionally made on fast dipping 
tracks. The distortion described in this work is not due to differential shear. In 
the region of emulsion containing this event, ft>r example, Biswas et al found 
the distortion determined by conventional methods to be moderate, (50 covans). 
We have, instead, shovTi the distortion to bo severe ; this is not astonishing 
because a different mechanism has been considered as the origin and a different 
method used for the determination of its magnitude. 

The correlation between this distortion and the level of spurious scattering 
Will now be demonstrated. The contribution of distortion to thb mean second 
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difforencr, (for Hro Adilya 19 ( 52 ) and (as obtained by coiivon- 

tiojud methods) are tabnlatofl in Talde. 1, for different sootions of the tractks, 

TABLE I 


Section 

evil length 


Dfl {[LUt) 

P Hulled 


500g m 

0.245 

0.20 

1.23 

First cm 

lOOOg m 

0.375 

0.21 

1.78 


500(1 m 

0.865 

0.58 

1.49 

S(H'ond cm 

lOOOg m 

1 . 0<) 

1.5 

0.71 

T.)tal 

500(x m 

0 53 

0.38 

1.39 

TrtM’k 

1000(A rn 

0.96 

0.91 

1.06 


as well as for the c^ntire h^ngtli. It is s(H»n that Dff behaves in the same manner 

asT),,,. Such a correlation has been demonstrated for a wide variety of samples in 
another Avork (Aditya e/ al, 19()4; Fig. 5). 

A C K N 0 W LED (1 M E N T S 

Thanks are du(\ to Dr. B. R. Daniel, Tata Institute of Fundamental lleseareli 
Bombay, for tin* loan of (unulsions. 
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FOURTH-ORDER ELACTIC COEFFICIENTS 
FOR SOME CRYSTAL CLASSES*t 

P. B. GHfTE 
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Ithaca, Nenv^York 
{Received February 25, 1964) 

ABSTRACT. Th« fourih -order elastic coefllcienls form mi eijccht-ordor tensor contain- 
ing 6561 compoiunits of which 126 are independe|it for a triclinie system. Using symmetry 
arguments it, is shown that there are 70, 42, 25, uAd 1 1 indc^pendent constants for monoclinic 

(2, 2/m, m), orthorliombic (222, 2mm, mmm), tetragonal {4mm, 42m, 422, 4/mmm) and cubic 
(43m, 432, m3m) crystals rcjspectiv^ely. 

1 N T H O 1) U C T I 0 N 

In the (classical theory of elasticity the strains are treatoci as infinitt^sinial and 
the elastic energy of a body initially under no strossc's, is a quadratic function of 
till' strain. The stress-strain rt'lationships and tlie sohenie of the second-order 
elastic coefficients are quitt^ well known (Huntington, 195H). In those cases 
where the strains may not be considered as infinitesimal, it is net^ossary to includes 
liigher order terms. An elegant treatment of the finite- de^formation of an edastic 
solid has h(R‘n given by Murriaglian (lOfil). The elastic energy (j) is analyzed into 
a sum 

<f> — <f>2 f 9^4^ »•' 

of terms of different elegrecs in tlie elements of ij. The 7/ s are the symmetrized 
Lagrangian strain components (Birch, 1947). Tt is possible to express 02 03 

as 

02 

03 f ijkltnnVijVkl^ffin 

where take the values 1,2,3. Repeated indices imply the usual 

summation convention. The coefficient 1 /2 in the expression for 02 is conventional. 
The expression for 03 follows that given by Hearmori (1953). Here the 

♦Work suppod-od by the Advanced Research Projects Agency through the Cornell Mate- 
rials Science Center. 

t After this article was prepared, it was brought to the attention of the author of a 
recent communication by Krishnatnurty (1963) on fourth-order elastic coefficients in crystals. 
For the crystal classes considered in this article, the results agree with those given by 
Krishnamurty. 
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aiv tlio tliirfl order elastic coefficients which are the c()m]>onents of a sixth-order 
tejisor. Oroii]) tfu‘ory has been used to determine the number of independent 
eompoiHMits of th(‘ sixth-ordtT tensor (Bhagavantam and Suryanarayan, 1947, 
1949; flahn, J949). Fiimi (1951, 1952, 1953) has carried out an extensive investi- 
gation on “Matter Tensors" uj) to the sixth -order, and has given the relations between 
the a(*tual eom])on(mts. Th(‘ scheme of the third-order elastic coefficients given 
by H(‘armon(1953. 1959) agn^os with those given by Bircli (1947) for cubic crystals 
and by Bhagavantam and Suryanarayan (1947, 1949), Jahn (1949), and Fumi (1951, 
1952, 1953) for oth(T crystal classes. The sixth-order tensor with 729 components 
gives only 56 inflej)endent third-order elastic coefficients for a triclinic system. 
This number is redu(;ed considerably for crystals with higher symmetry. Recently, 
th(‘S(^ considerations have been extended to invePtigate the fourth-order elastic 
eoeffici(mts ((lhate, 1964). In the ])resent article, the fourth-order elastic (!oeffi- 
(a(»nts for some crystal classes, using symmetry arguments, are enumerated. 

ELASTKJ ENP:K(}Y (pi AND THE E 0 U R T H-O R D E R 
E LAS r 1C CO E E F I C T E N T S 

Lot us express as follows : 

^^4 ~ ^'ijklmnopVijVklVinnVop 

where take tlie values 1,2.3. The ?/'s are the Lagrangian 

strain ('oni})on(‘nts and tlu^ ^‘ijkhnnop^ fourth -order elaf*tic coefficients 

which are the (u)m})oneTits of an eighth-ord(‘r t(»nsor (containing 6561 components. 
H o\v(*v('r, tlu‘ tensor is symnu’tric^al with respe. t to the interchange of i and k 
and /, ij with kL and so on. The number of independent tensor components then 
reduce to 126. The (components of the elastic coefficients arc conventionally 
c(>ntract(*d as follows : 


11-1 22—2 33—3 

23—4 31—5 12—6 

then (f>i ““ (\uin*JpVqVrVi^ wluTc p, q, r, s take th(' values 1, 2, 3, 4, 5. 6 and Cpq.s 
are the fourlh-ord(»r elastic coi'fficients. For a triclinic system, there are in all 
126 fourth-order (dastic coefficients. Tlu'se aie listed in Column T of Tabic I. 
Here arc written as Jill, 1112, and so on for convenience. 

The contraction of the indices of f give needs a little expla- 

nation. It may be recalled that 

^'pQrs = ^qprs “ ^ ^^'pnqr^ 

It is convenient to define a ratio R such that 

^ijklmnop 
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which gives the possible number of coiubinfttions of the indices. This point can 
be illustrated as follows : 


(1 - - 

*“'1112 — 'n 11,11 22 

Because of the symmetry with respect to tlid inten^liange. of the indices, we have 

I 

^^1 11 11 22 ^'^1 11 2 - 11 ^ 22 Ij = r '22 11 11 11 

* = c-"" i" *■ 

*11 11 11 224 

Similarly it can bo verified that | 


^ 1122 — ^*^'11 H |22 22 * 

k 

The values of H for all the 12() fourth-order Elastic cocfiiidtmt^ are listf^tl in column 
‘‘72” of Table I. The sum of all the valueli of “72” is fifibl. as it should be. 


TABLE 1 

Hermann-Mauguin symbols of the crystal classes arc used at the top 

ol’ eacli column 







OrMio- 

Tol ragonal 



^rriclinic 


Monofliiiio 


rhomic 


C’ubic* 


1 


2 



4mni 

43m 


1 


2/m 


... ^ 

42m 

432 




m 



422 

m3m 






mmm 

4 /mmm 




Mirror 

Mirror 

Mirrt)!’ 






piano 

piano = 

piano - 






X2X3 

X;jXt 

X1X2 






Twofold 

Twofold 

Twofoki 






axis - Xj 

axis x> 

axis- X3 





(126) 

(70) 

(70) 

(70) 

(42) 

(25) 

(H) 

K 

T 

11 

111 

IV 

V 

VI 

VII 

1 

nil 

nil 

111! 

nil 

nil 

nil 

nil 

4 

1112 

1112 

1112 

1112 

1112 

1112 

1112 

4 

1113 

ni3 

1113 

1113 

1113 

1113 

1112 

8 

1114 

1114 

0 

0 

0 

0 

0 

8 

1115 

0 

1115 

0 

0 

0 

0 

8 

n]6 

0 

0 

1116 

0 

0 

0 

6 

1122 

1122 

1122 

1122 

1122 

1122 

1122 

12 

1123 

1123 

1123 

1123 

1123 

1123 

1123 

24 

1124 

1124 

0 

0 

0 

0 

0 

24 

1125 

0 

1125 

0 

0 

0 

0 

24 

1126 

0 

0 

1126 

0 

0 

0 

6 

1133 

1133 

1133 

1133 

1133 

1133 

1122 

24 

1134 

1134 

0 

0 

0 

0 

0 

24 

1135 

0 

1135 

0 

0 

0 

0 

24 

1136 

0 

0 

1136 

0 

0 

0 

24 

1144 

1144 

1144 

1144 

1144 

1144 

1144 

48 

1145 

0 

0 

1145 

0 


0 

48 

1146 

0 

1146 

U 

0 

0 

0 
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TABLE I (contd. 


H 

1 

11 

III 

24 

1155 

1155 

1155 

48 

1156 

1156 

0 

24 

1166 

1166 

1166 

4 

1222 

1222 

1222 

12 

1223 

1223 

1223 

24 

1224 

1224 

0 

24 

1225 

0 

1225 

24 

1220 

0 

0 

12 

1233 

1233 

1233 

48 

1234 

1234 

0 

48 

1235 

9 

1235 

48 

1236 

0 

0 

48 

1244 

1244 

1244 

96 

1245 

0 

0 

96 

1246 

6 

1246 

48 

1255 

1255 

1255 

96 

1256 

1256 

0 

48 

1266 

1266 

1266 

4 

1333 

1333 

1333 

24 

1334 

1334 

0 

24 

1335 

0 

1335 

24 

1336 

0 

0 

48 

1344 

1344 

1344 

96 

1345 

0 

0 

96 

1345 

0 

1346 

48 

1355 

1355 

1355 

96 

1356 

1356 

0 

48 

1366 

1366 

1366 

32 

1444 

1444 

0 

96 

1445 

0 

1445 

96 

1446 

0 

0 

96 

1455 

1455 

0 

192 

1456 

1456 

1456 

96 

1466 

1466 

0 

32 

1555 

0 

1555 

96 

1656 

0 

0 

96 

1566 

0 

1566 

32 

1666 

0 

0 

1 

2222 

2222 

2222 

4 

2223 

2223 

2223 

8 

2224 

2224 

0 

8 

2225 

0 

2225 

8 

2226 

0 

0 

6 

2233 

2233 

2233 

24 

2234 

2234 

0 


IV 

V 

VI 

VII 

1155 

1155 

1155 

1155 

0 

9 

0 

0 

1166 

1166 

1166 

1155 

1222 

1222 

1112 

1112 

J223 

1223 

1123 

1123 

0 

0 

0 

0 

0 

9 

0 

0 

1226 

0 

0 

0 

1233 

1233 

1233 

1123 

0 

9 

9 

0 

0 

9 

0 

9 

1236 

9 

9 

9 

1244 

1244 

1244 

1244 

1245 

9 

0 

9 

0 

9 

9 

9 

1255 

1255 

1244 

1244 

0 

0 

0 

9 

1266 

1206 . 

1266 

1266 

1333 

1333 

1333 

1112 

0 

9 

0 

0 

{) 

0 

0 

0 

1336 

9 

9 

0 

1344 

1344 

1344 

1244 

1345 

9 

0 

0 

0 

9 

0 

9 

1355 

1355 

1355 

1266 

0 

9 

0 

0 

1366 

1366 

1360 

1244 

0 

0 

0 

0 

0 

0 

0 

0 

1446 

0 

0 

0 

0 

0 

0 

0 

1456 

1456 

1466 

1456 

0 

0 

0 

0 

0 

0 

0 

0 

1556 

0 

0 

0 

0 

0 

0 

0 

1666 

0 

0 

0 

2222 

2222 

1111 

nil 

2223 

2223 

1113 

1112 

0 

0 

0 

0 

0 

0 

0 

0 

2226 

0 

0 

0 

2233 

2233 

1133 

1122 

0 

0 

0 

0 
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TAHUQ I — -(coutd.) 


R 

I 

11 

III 

IV 

V 

VI 

VII 

24 

2235 

0 

2235 

- 0 

9 

9 

9 

24 

2230 

0 

0 

i23« 

9 

9 

0 

24 

2244 

2244 

2244 

|244 

2244 

1J55 

1155 

48 

2246 

0 

0 

1 

1245 

9 

9 

0 

48 

2246 

0 

2245 

V 0 

0 

0 

0 

24 

2265 

2255 

2265 

1255 

2265 

1144 

1144 

48 

2266 

225(t 

0 

t 

1 0 

0 

0 

9 

24 

2206 

2200 

2200 

#200 

2200 

1100 

1 166 

4 

2333 

2333 

2333 

p333 

2333 

J333 

1112 

24 

2334 

2334 

0 

i 

f: 0 

9 

9 

0 

24 

2336 

0 

2335 

r 0 

0 

9 

0 

24 

2336 

0 

0 

'2330 

9 

0 

9 

48 

2344 

2344 

2344 

2344 

2344 

1366 

1200 

90 

2346 

0 

0 

2346 

9 

9 

0 

90 

2340 

0 

2340 

0 

9 

0 

0 

48 

2366 

2366 

2365 

2356 

2355 

1344 

1244 

9(*) 

2360 

2366 

0 

0 

0 

0 

9 

48 

2306 

2366 

2300 

2305 

230(i 

1300 

1244 

32 

2444 

2444 

0 

0 

0 

9 

9 

90 

2446 

0 

2446 

0 

9 

0 

9 

96 

2446 

0 

0 

2440 

9 

9 

9 

96 

2466 

2466 

0 

0 

9 

0 

9 

192 

2456 

2456 

2466 

2450 

2450 

1460 

]450 

90 

2400 

2400 

0 

0 

9 

9 

9 

32 

2665 

0 

2655 

9 

0 

0 

0 

90 

2660 

0 

0 

2550 

9 

0 

9 

90 

2560 

0 

2500 

0 

9 

9 

9 

32 

200(i 

0 

0 

2000 

9 

9 

9 

1 

3333 

3333 

3333 

3333 

3333 

3333 

nil 

8 

3334 

3334 

0 

0 

9 

9 

9 

8 

3335 

9 

3335 

9 

0 

0 

9 

8 

3330 

0 

0 

3330 

0 

0 

9 

24 

3344 

3344 

3344 

3344 

3344 

3344 

1166 

48 

3346 

0 

0 

3345 

9 

9 

0 

48 

3346 

0 

3340 

0 

0 

0 

0 

24 

* 3365 

3355 

3366 

3365 

3355 

3344 

1165 

48 

3360 

3350 

0 

0 

0 

9 

9 

24 

3366 

3360 

3300 

3360 

3300 

3300 

1144 

32 

3444 

3444 

0 

9 

9 

9 

0 ’ 

96 

3446 

0 

3446 

0 

0 

0 

0 

96 

3446 

0 

0 

3446 

0 

0 

0 

96 

3466 

3456 

0 

0 

0 

9 

0 

192 

3466 

3450 

3460 

3450 

3450 

3450 

1460 

90 

3466 

3460 

0 

9 

0 

^ 0 

9 

32 

3566 

0 

3666 

0 

0 

9 

0 
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TABLE I (contd.) 


R 

1 

II 

Til 

IV 

V 

VI 

VII 

m 

355G 

0 

0 

3556 

0 

0 

0 


35GG 

0 

3566 

0 

0 

0 

0 

32 

36GG 

i) 

0 

3666 

0 

0 

0 

IG 

4444 

4444 

4444 

4444 

4444 

4444 

4444 

G4 

4445 

0 

0 

4445 

0 

0 

0 

G4 

444G 

0 

4446 

0 

0 

0 

0 

m 

4455 

4455 

4455 

4455 

4455 

4455 

4455 

J92 

445G 

4456 

0 

0 

0 

0 

0 

OG 

4466 

4466 

4466 

4466 

4466 

4466 

4455 

G4 

4555 

6 

0 

4555 

0 

0 

0 

192 

4556 

6 

4556 

0 

0 

0 

0 

192 

4566 

0 

0 

4566 

0 

0 

0 

G4 

4666 

0 

4666 

0 

0 

0 

0 

IG 

5555 

5555 

5555 

5555 

5555 

4444 

4444 

G4 

5556 

5556 

0 

0 

0 

0 

0 

9G 

5566 

5566 

5566 

5566 

5566 

4466 

4455 

G4 

5666 

5666 

0 

0 

0 

0 

0 

IG 

6666 

6666 

6666 

6666 

6666 

6666 

4444 

Finally we note that the 

w-th order 

elastic 

coefficitmts form 

a 2ri- 

order-tensor 


with 3®” components. It is easy to convince oneself that tho number of independent 
(jofffieiontB is given by 

n\ 

F 0 U K T H-0 11 D K li ELASTIC C O E E F 1 C T E N T S F O K 
S C M E C R Y S 'r A L (M. A S S E S 

If the crystal jxisscssos certain symmetry jiroporties, tfien tJie elastic energy 
should bo invariant with respect to the‘-e symmetry operations. In the following 
discussion, the primed axes will imply tJie new set of axc^s obtained after a 
symmetry operation* 

MoTwdime Crystals (2, 21m m) : We take a coordinate system with 

as the piano of symmetry. On reflection in this plane, we obtain the now set 
of axes. 

^1 ^2 “ ^ ^ 3 * 

The primed and the unprimed strain components are related to each other in the 
following manner : 

Vx = 7,,' = r,.J = n.,-, r,,’ = rj,’ 

The elastic energy should be invariant with respect to this operation and therefore 
04 = ('pquVp^'lVrVt ~ ^iimViVi'Vk’Vl 
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where Cf. r, s, /, j, Ic, I take the vahios 1, 2, X 4, 5, 6. It follows that : 

All the nonvanishing coefficients can he found in a similar manner. These are 
listed in column T1 of Table T. In all th^re are 70 independent fourth-order 
elastic coefficients. In columns III and Itf, the coefficients are listed for tliosj 
eases where and x^x.^ are the planes o| svmmetrv. 

I 

OrthorhomhiC CTysials (222, 2m/w Take the three planes of symmetry 

as the coordinate planes. It can be easiljf verified that only those coefficients 
which are common to columns 2, 3 and 4 |tre tlie rcciuired ones. Thus we find 
that there are only 42 independent fourth -older elastic coefficients for an orthorh- 
ombic system. These are listed in column of Table I. 

Tetragonal Crystals (4mrw, 42rw, 422, In the (5a‘’e of the tetragonal 

crystals there is a four-fold axis in addition to the three planes of symmetry, 
which are taken as the coordinate plam^s. The ‘*3^3’* axis is chosen as the four-fold 
axis. It is evident that we have to examine the 42 coefficients of the orthorhombic 
system for further interrelationships. F<'r a rotation of ;r/2 about the ‘>3’’ axis, 
the primed and the unprimed strain components are related to each other as fol- 
lows ; 

9/2, r/2' -- Vi’ W = '/ 3 -- W Vb 

The elastic energy (f>^ must be insensitive to this covering operation. The following 
relations are then obtained : 

nil 2222; 1112 ^ 1222: 1113 ^ 2223; and so on. 

There are in all 25 independent coefficients which are listed in column VI of Table 
I. The other equivalent coefficients, for example, 1455 2456, can bo easily 

obtained from Table I. 

Cubic Crystals (43m, 432, m3m) : Take the cartesian coordinate axes (a;j, 
x^, Xq) as coinciding with a set of cubic axes. Note that each cubic axis is a four- 
fold axis and hence has the tetragonal symmetry. Tims it is necessary to examine 
only the independent coefficients of the tetragonal system for aflditional inter- 
relationships. It is further noted that each body diagonal is a three-fold axis. 
A rotation of 27r/3 about the body diagonal defines a new set of axis such that 
Xj^ coincides with x,^' coincides with x^. and x.^' coincides with x^. The primed 
and the unprimed strain components are relatefl to each other in the following 
manner : 

Vi = V 2 =" Vz = Vil Vi! Vh^ Vb = ^6’ V% = Va* 

The elastic energy has to be invariant for these symmetry operations. It is 
found that, 

nil r= 2222 --3333 

1112 = U13 1222 == 1333 = 2223 = 2333 ' 
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and so on. There are in all 1 \ independent eoeffieients for a cubic crystal and these 
are listt^d in oohinin VIT of Table T. 

fjktsfic Eneray 9^4 

The use of the table in writing the terms of the elastic energy ^4 for a cubic 
(jrystal will now be illustrated. For a particular constant, say 1244, scan the 
(!()lumn yJI downwards and find out how' many times it appears. Every time 
1244 is found, look for the corresponding coefficient in the column for the triclinic 
system. Note that, 1244 = 2366 == 1344 = 1366 -= 2355 = 1255. That part 
of thf' elastic energy wdth coeffiedent (' 1244 . can now be written a? 

''W + 78-) + + 5/4®) ) ■ 

The total elastic energy 9^4 ean now be easily written as follows ; 

^4 ~ %*) 

+ I Va®(Vs+i/t)+i?3*(^h+>?2)) 

+ 

-I- ^'lI44(l/l“'/4*+'V2*>/6* -| %‘V) 

-(- < -I- l '/s*)) 

+ W V +• ) + 'WsCi/ sH 1 %( );4®) ) 

+A288('?l^2’/fi®+ n2V■iV^^^-ViWI&) 

-f•C'l46n<V41?6’/«(^l + ’/2^ 

+ ^^4444( I" V 5* + ) 

+ f ''44S6( >/4® Vs^H- ’/ 6 *V 6 *+ V'/4®) • 

Table T can be used to write ^4 for other crystal classes. It may be remarked, 
liowever, that the independent fourth-order elastic coefficients for the liexagonal 
and trigonal systems can be deduced, starting from the 70 independent coefficients 
of the monoclinic system, except for the formidable algebra involved. 
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NON-RADIATIVE TRANSITIONS DURING THE 

DECAY OF A PHOSPHOR 

1 

Y. L. ARORAf 

Defence research Laboratory|(Store 8) KANprit 
(Received Angufit 30, |i963) 

ABSTRACT. The decay of zinc sulphide phoi^hors at- different temperatures using 
tiltraviolot excitation has been measured. It is foune|^that the ileeay constant decreases with 
temperature. This is theoretically explained by u^injl the idea of non-radiativo transitions 
(luring the decay. Efficiency of phosporescenee durpg decay is also discussc^d. 

A 

1 N T Jl O D I) (? T t O N 

Randall and Wilkins (1945) and Garlick and Gibson (1948) devclopocl a theory 
to explain the various phenomena of phosphorescenee by assuming the storage 
of excited electrons in nietastable energy levels due to traps arising from the 
co-activator atoms or lattice defects of the crystal. The existence of these electron 
traps is responsible for the slow rise of fluorescence, of pbosphoresi^ence of glow 
(uuission, of infra-red stimulation and quenching. In spite of extensive studies 
in the field of solid-state luminescence by various workers, it has not yet been 
possible to eitplain the luminescence phenomena satisfa^^torily. The present 
(experiments were (conducted to study the decay properties at different tonpera- 
iiires and also tlu' efficiency of pliosphorescence. 

EXPERIMENT A L 

(A) P repara lio7i of zim sulphide phospJior 

Zinc sulphide of Jiigh purity was prepared. Triply distilled water and pyrex 
containers wore used throughout. Siuall quantities of (joppir in the form of copper 
sulphate (Analar B.D.H.) were added to the zinc sulphide and then drie 1 at llO'^C 
in an oven. The dried material was put in a clean fireclay boat and placed in the 
hottest zone of a tubular silica furnace. A constant stream of pure dry H 2 S 
was allowed to flow' through this funiace and the temperature maintained at 1100°C 
for half-an-hour. Under these conditions the phosphors produced were of reason- 
ably reproducible quality. 

(B) Apparaim ' - - 

The phosphor was excited by a mercury discharge bulb operated by a stabilized 
voltage supply. By the use of proper filters the 3600 A line was allowed to fall 


♦Present Address : Century Rayon, Kalyan. 
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(iji th(' i)}i(>rtplK)r. To iiioasiiro the intensity of phosphorescence and its decay, 
a JICA 9.‘il A photomultiplier was used in conjunction with a Hilgor galvanometer. 
A wrattcm 2A filter was placed in front of the photo-niultiplier to exclude the 
direcd light from the mercury biilh. For work at room temperature and above 
the phosphor was painted on a Vxl" copper plate with sodium silicate as 
binder. The plate was held at an angle of 45° to the incident beam. The 
temperature of the phosphor was measured by a copper- constantan thermo- 
couple and p()tentif)meter arrangement. 

Experiment I : Decay at different temperatures. 

RESULTS AND DISCUSSIONS 

The variation of the intensity of phosphorescence, I with time t was ob- 
served at different tc'mperatures. TJic intensity was measured in terms of the 
galvanoiiK'ter deflc'ction 0 and plotted against I ft whi(!h gave a straight line (Fig. I.) 

i.c. xTxO^IL 

Where 13 is the dtu ay constant and is given by the slope of the straight 
line. The various values of the slope at different tern})eratures are given in Table I. 

9 ' 0 \ 



1/f 

Fig. 1. De^ay of ZnS phosphor at different temperatures. 

From Table I we find that as the temperature increases the slope B decreases. 
This cannot be explained by the existing equation (3), (4) of decay, 



Nofi-Madiative Transitions During the Decay, etc. 267 


f 

Where T is the temperature in absolute units 
k is Boltzman constant 

is the nixmber of electrons in each tr|p, 

TABLE I I 

i 

Calculated values of slope at diff^ent temperatun^s 


S/No. Name of phonphor 

Toinpc ratine 



Valuf of r1oi)0 

] 

so-c 1 

7S.0 

2 

r»o' (^ ‘ 

02.5 

3 Zns 

700 

54 . 0 

4 ‘a’ 


52.0 

5 

IJT) 

37 . 3 

() 

1400 

10.0 


EFFECT () F N O N-R A D I A T 1 V E TRANSITIONS 

Assuming tliat during the decay non-radiative transitions ar(^ also S taking 
place, it is explained that the decay constant decreases with temperature as fol- 
lows. The general ecpiation for the light emission during decay may bo writt(ui 
as : 

0 - L+Q I " - (1) 

where L — number of electrons/em® recombining per st^comi radiativeJy. 

Q ^ number of electronfe/cm^ recombining per second non-radiatively. 
rii ^ number of electrons/cni^ in traps 
Uf, = number of electrons/cm^ in the conduction baiul 
for n{» Uc 

0 = L+Q+ ... (2) 

It can be shown that during decay non-radiative transitions are proportional 
to radiative transitions at anj’’ instant, 
i.e. Q^.f^ = KL^,) whore ii is a constant. 

Thus equation (2) will become 

0 _ 1+KL+ 
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=. 

L = 

■u'horc — is a escape frequency 
k = Boltznian constant 
T = Temperature in absolute unit. 

Integrating and putting f — 0, n — we get 

71 ^ 7iQoyi\7\-~st(\+K)e~'^^^'^] (3) 

Now, tlie intensity of phosphorescence during decay is, 

(4) 

substituting the value of 7i from (3) wo get 

Tf there are N^dE traps with energy lying between E and E \-dE, them the 
phosphorescence intensity (If) at time f, after cessation of excitation, will be 

h ^ r ^^xp ^ ^ (5) 


or 

Now 


or 


r ^ NjskT 

(i+K)t 


or 


NgkT ^ n 
c(i-i-A')7 ■ ~t 


where c is a constant 


B= 

c(l ^-K) 


... ( 6 ) 


The value of constant R does not vary linearly with temperature as K, the ratio 
of non-radiative and radiative transitions is also affected by temperature. If 
the different values of B from Table I and their corresponding temperatures 
are substituted in (6), we get the values of c(\-\-K)jkN at different temperature 
as listed in Table II. 

From Table II, it becomes clear that K can be expected to increase with 
temperature and thus it is easy to see that B the decay constant might decrease 
with temperature, 
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TABLE II 


S/No. 

T in absolute 


C(l+K)INjik 

unit 


1 

303 


3.8 

2 

323 

> 

r>.i 

3 

343 

1 

0.3 

4 

303 


(i.9 



V 


5 

388 

i 

JO. 4 




6 

413 

J_. 

24.8 


Experiment 11 : Efficiency of pliosphoreik^ence 

Zinc .>ul})hiclo phosphor was first dc-excitcd c()ni})letoJy by heating and by 
infra-red. The pliosphor was tlion i^xeitc^J at room temperature nntil the maxi- 
]nnm intensity was reacdied. Th(' (excitation was th(en removed and tlu' phosphor 
was allow(Ml to decay for sojne time, and th(‘n excitation was nHJommenccMl. The 
ratio of the phosphorescent area P to the* deficiency area Dp (Fig. 2) obtained 



Fig. 2. Experiment of tlxe xleficieiiey area clurijig Mio rise following 
the decay (Deflection vs time in second) 

TABLE III 


Ratio of phosphorescent area of zinc sulphide phosphor to corresponding 
deficiency area after recommencement of excitation at room temperature 


S.No. 

Time of decay 

P 

def. sec. 

D 

dof. sec. 

Dp 

def. sec. 

p 

Dp 

1 

16 seconds 

40 

620 

42 

.96 

2 

^ minute 

64 

620 

70 

.90 

3 

1 minute 

74 

620 

99.2 

,82 

4 

3 minutes 

94 

620 

126 1 

.75 
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during tlie rise following the decay was determined. Results of this experiment 
are summorized in Table III, where D is the deficiency area for the completely 
dc-excited sample. 


DISCUSSION 

Tlie value of PjDp is nearly one for 15 seconds decayed-phosphor and then 
decreases with the increase of the decay period. From this result it can bo 
concluded that the efficiency of phosphorescence at room temperature in 
the begining of the decay is of the same value as that of fluorescence. The 
decreasf' of PjPp with prolonged-decay period may be due to the increase of 
uon-radiativo transitions during recommencement of ex<!itation. 
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S 

ABSTRACT. With tho holp of thf> dissipation function, it is doducod that tho modulus 
of decay of torsional oscillations of a sphere of radius ‘j*’ and moment of inertia f about a 
diameter, in a liquid of viscosity V is given by Slrr^jJ and that of a cylinder of radius o 
immersed in a liquid, to a depth I, contained in a concentric cylinder of radius b is given 


by 2'n-ii I 




when' 1 is the moment of inertia of the cylinder about its axis of suspon- 


/(68- os) 

sion. By knowing the logarithmic doerement the viscosity of a liquid can bo founil. Tho 
oxporimontal values are found to agree with standard values. 


INTBODUCTIOK 

Among the methods of finding the viscosity of liquids are Poiscuille e capil- 
lary tube method, rotating cylinder (Oouettee 1890, Searle 1912) and Stokes 
(1851) method for highly viscous liqtiids. Measuroniont of modulus of dicay 
of liijuids in vessels or of solids in liquids w'as used by Helmholtz (1850) and Meyci 
(1891) for the determination of viscosity. But these require corrcctutns which 
are complicated. A comparative method of mcapuring viscosity was first given 
by Mennerettc (1911), who studied the decay of oscillations of liquids in a (/-tube. 
By making use of the dissipation function Venkataraman (19.33) deduced an ex- 
pression for tho modulus of decay in the above case and thus made it an absolute 
method. Christopherson and others (19.38) made a study of the forced ostullations 
of a liquid in a fZ-tube and after elaborate mathematical analysis obtained ex- 
pressions for the visco-ity. Recently Choudhary and Trivedi (1961 y described 
a method by which the viscosities can be compared by noting the damping of 
rotation of a symmetrical body in a liquid. This method is, however, useful only 
in the case of a ver\'^ viscous liquids, Tn the concentric cylinder method, it is neces 
sary to maintain a uniform motion of the external cylinder to get a constant 
deflection of the inner cylinder. This difficulty can be avoided by measuring the 
modulus of decay of the oscillations of the inner cylinder when it is twisted through 
a smaU angle and allcwed to execute free oscillations. The same method can be 
used in the case of the sphere. This is what is attempted in this investigation. 
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THEORY 

T\w modulus of dooay of osc illations can he found f?’om the dissipation func- 
uon wlii^li vvi»H nrst Loveri by Stokes (1851) and used by Lamb (1911) in tbc^ 
solution of some' problems in hydrodynamics. 

I’lic* disapatirn functi<‘n s dtaide for the rotatioridl oscillations of a spbc'.re 
in a liquid can be uritteii as 

2F ^ dy dz ... (1) 

whol e 7j is the viscosity of tlio liquid, co^., <0^, are tho components of the 
angular velocity. The integration is to be l;aken over the whole volume c^f the 
liquid. The dissipation is ecpial to the rate of decay of the total energy e i.c,, 
dejdt. In tho case of a sphere, suspended in a liquid by a long thin wire attached 
to a chuckfixtul to a stand, tho kinetic energy /co^ where oj is the angular veJocitv 

of tho sphere and I is tho moment of inertia of the sphere^, about an axis passing 
through its centre. If the angular velocity is variable, it is equal to 
where 0 is tho angidar displacement. Shmo the sphere is executing harmonic 
oscillations, its total (uiergy is twice Jthis, i.e., 


/ d (?\2 

- (2) 

Sphere in an infinite liquid 

The dissipation function fe.r a sphere in an infinite liquid (;an be easily found. 
In the case of a sphen*. rotating uniformly about its diameter in a liquid of viscosity 
y tho moment of the couple acting on it is given by (Lamb 2, 1916) 

(y = ... (3) 

The dissipation function given in (1) is thereibre 

2F = ... (4) 

when the angular velocity is varying, it is given by Snya^dOldtf, Equaling the 
rate of decay of total energy to dissipation, wc get 

'"iting 

^ t 

Integrating this we get 

log a: = - +conflt ... (6; 
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Tf we put the, boundary condition x =--- .To when t ^ 0, the above be<ioinos 


X ^ 3oCxp[- 


... (7) 


Substituting {dftjdt)^ for x, equation (7) can written as 

y 

-- d' exp [-4w|fV/fl: 

i 

when this is integrated we obtain | 

0 -= 0„ exp [-47r^»</7] 

where is a new constant, thus the logarit|nnic decrement is 


... ( 8 ) 


Concentric cylinders 

In the case of a cylinder of radius n executing rotational oscilla turns in a 
liquid eontaine<l in another ooncontric cylinder of radius h the viscous couple 
on the inner (‘ylinder, when tlie outer cylinder rotates with uniform angular 
velocity w is given by (Lamb 3, J9J6). 


4:777) 


am 


ho 


( 9 ) 


Where I is the length of the iinmor8e<l portion of the cylinder in the liquid. As 
before, the dissipation function in this cas(' is 


4777) /f -o ho- 
h- a- 


( 10 ; 


Thus equating the rate of decay of total energy to dissipation w e get an equation 
corresponding to (5) 


A. 

df 




aW ( dO Y 

Ui-fti \ di f ' 


Integrating the equation as in the previous case we get 


0 == Oq exp 


2777)1 

~7" 






Thus the modulus cf decay is 


_ 2777 )lam ( 11 ) 

Equation (8) and (11) form the basis of the measurement of viscosity by 
finding the modulus of decay of a sphere in a liquid and a cylinder in a liquid 
coi\tained in a concentric cylinder. 
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EXPERIMENTAL ARRANGEMENT 

For finding the logaritJimic ck>creinent a spliero is suapended by a long 

thin win" Mhose other end is fixed to a heavy stand. A small mirror is fixed 
to till* wire to note the defleotions by moans of a telescope and scale arrangement. 
Tht' length is measured by a cath ("to meter. The entire set-up is shielded from 
draught by (Uielosing it in a glass ease. The sphere is fully immersed in a liquid 
contained in a beaker. A therm oregulator was used to keep the temperature 
constant. 

The sphere is given an angular displacement and the oscillations are observed 
with thc" lielp of a telescope and scale. The maximum time taken for a set of 
reading is 5 or fi minutes. From the first and final quarter swings (to the same side) 
the logarithmic decrement is computed. If and are the first and (?i+l) 
the defl(^ctions, say, to the right side, then the logarithmic decrement is given by 


A ~ ^ log 

n I 

or, if logarithm to tlu^ base 1(1 are used 


2.302fi 

n 


l«gi( 


( 12 ) 


from relation (8) wc get 

A - \Ki]l ... (13) 

.where K 47ry^//. Substituting for 7, where M is the mass of thes phere, 

we get 


lO/rr 

The coefficient of viscosity is therefore, givum from (12) and (13) by 


4.6052 
^ rjKT 


logio 




(14) 


where T is the periodic time. The time for 26 oscillations was measured to 0.2". 
The time is of the order of 5 or 6 minutes and the time for on (5 oscillation h cal- 
culated and is given to two decimal places. 

The results are given in Table I. 

Cylinder in a liquid contained in a coaxial cylinder 

Jufit as in the above case the inner cylinder, of radius ‘a’ is suspended by a 
wire and is immersed in a liquid contained in an outer cylinder of radius ^b\ 
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TABLE I 


Logarithmic decrement and viscosity of liquids with a sphere 




(using a sphere 1" 

in 4ianmtor). 



SI. 

No. 

Liiiuid 

Period T 
(in seconds) 

l.il^arithmic 
Ijbcrement — 

C^oofliciont of viscosity in 
contipoises 

t/ 

..A 

Expt. at 25®C. 

Standard at 
25^C. 

1. 

Toluene 

11.01 

^ 1.510 

I 

f 1.794 

0.525 

0.525 

2. 

Benzene 

11.00 

0.622 

0.604 

3. 

Water 

11.28 

\ 2. 024 

0.886 

0.893 

4. 

Carbon tetra chloride 

11.28 

1 2.738 

3.442 

0.922 

0.905 

5. 

Acetic A(nd 

11.30 

1.160 

1.113 

6. 

Olive Oil* 

1.80 

21.640 

66.0 

68.0 

7. 

Mobiloil SAE 40* 

1.84 

67.370 

217.0 

214.0 



♦usin^? a sphere i 

5.(P in diainnter. 




We get for the angular displacement as shown above 


0 ~ Off exp 


[ 2na%'^7jl . 

L \h^-a^)I ’ 


] 


The decrement for one oscillation is therefore 


2naWjl , T 
(&*-«*)/ ’ 2 


(13a) 


where T it, the periodic time. 

The coefficient of viscosity is given from (13a) and (12) by th(^ relation 


2.3026 

j/7'A' 


log 


10 




.. (15) 


where 


K' == 


7r aVj‘ 1 

b^—a* ■ I 


The experimental set-up is the same as in the previous case; the sphere is 
replaced by the cylinder. The outer vessel, containing the liquid is also a cylinder 
with a perfectly flat bottom. The cylinder used here is a brass cylinder. In 
order to eliminate the effects of viscous forces on the cnils of the suspending 
cylinder another cylinder of the same diameter as the suspending cylinder is 
placed right below and the length of the wire is so adjusted that the space between 
the two is less than 0.6mm. and the top end of the suspending cylinder is about 
6mm, above the surface of the liquid. The outer cylinder is a ^lass cylinder so 
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as to enable one to measure the length of the cylinder immersed in the liquid and 
alFo to check the parallelism of the suspending cylinder and the guard cylinder. 

The temperature of the liquid was kept constant at 30'' C (which happens 
to be the room temperature during the experimemt), with the help of the thormo- 
rcgulator. The procedure is the same as in the case of a sphere. The lengths 
are measured by a reading microscope reading up to 0.01 mm. 

Remltfi : The results, after using relation (5), are given in Table IT. 

TABLE II 

Logarithmic decrement and viscosity of licpiido with concentric cylinders 
(using a cylinder of diamett^r of 2.55 cnis). 


OoolT. of viscosity in 

Si, oentipoisos 


No. 

Lifluid 

Length in 
cms. 

Period ‘ T’ 
in seconds 

Logarithmic - 
docrement 

Expt. at 
30' c. 

Std. value 
at 30“c. 

1. 

Acetic Acid 

2.20 

25 . 30 

3 608 

1 . 039 

J .040 

2. 

C^arbon tetra (ildoride 

2.25 

25.40 

2.945 

0.826 

0.848 

3. 

BotiKeiie 

2.30 

25.40 

2.052 

0.563 

0.561 

4. 

Ethyl Acetate 

2.20 

25.40 

1.417 

0.406 

0.407 

5. 

Olivo Oil* 

2.62 

9.00 

35.0 

49 . 60 

52.00 

0 . 

Mobil oil SAE 40* 

2.48 

9.20 

71.4 

208.0 

212.1 

7. 

M 30* 

2.. 52 

9.15 

95.9 

278.0 

200.0 


♦using cylinder of diameter of 3.82 cms. 


TABLE III 

Variation of log. decrement with depth of liquid between cylinders 


Jji(|uid 

Spacing in 
nun 

Length of 
cylinder 
immersed 

log. decre- 
ment X 10~2 

Viscosity in 
CP at 30‘^c. 

Standard 
value at SO^^c. 


5.45 

2.22 

3.042 

1.049 


Acetic A<dd 

4.18 

2.20 

3.635 

1.047 

1.040 


2,40 

2.20 

3.630 

1.045 



1.14 

2.23 

3.628 

1.045 



0.48 

2,20 

3.625 

1.043 



0.35 

2.20 

3.624 

1.043 


Carbon 

5.50 

2.25 

2.973 

0.834 


Tetra -Chloride 

4.22 

2.26 

2.969 

0.833 

0.828 


2.60 

2.25 

2.964 

0.831 



1.10 

2.24 

2.963 

0.831 



0.50 

2.22 

2.960 

0.830 



0.34 

2.25 

2.960 

0.830 


Bonezene 

5.30 

2.28 

2.070 

0.568 



4.10 

2.30 

2.068 

0.568 

0.561 


2.45 

2.30 

2.065 

0.567 



1.20 

2.28 

2.064 

0.566 



0.47 

2.28 

2,062 

0.566 



0.36 

2.30 

2.062 

0.566 
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In order to find the effect of the spacing the liquid below the inner cylinder 
and the bottom of the outer cylinder on the logarithmic decrement and conse- 
quently on the viscosity, a detailed study was made for some liquids for spacings 

between 5.5 mm. and 0.35 mm. The results 4re given below. 

^1 

From the above table, it is easily seen t|iat the change in viscosity is only 
in the third decimal place and the value of r/ ig practically constant and reached 
the standard value when the spacing between fhe bottojn of the cylinders is about 
2umi. ; 


DlSCUSSIjpN 

V' « 

Above is described a method of measuring the viscosity of a liquid l)y measur- 
ing the logarithmic decrement of the rotational motion of a sphere or a cylinder 
immersed in a liquid. This method can be use^d for all liquids, viscous as well 
as mobile and is absoluk*.. It is (ujnvcmiont for measuring the effect of tem- 
perature, as the apparatus is of small dimensions, unlike the previous types used 
for the purpose. 

In order to get the sphere and cylinder to execute harmonic angular oscilla- 
tion and to get a reasonable value for the logarithmic^ decrement, for very viscous 
liquid, the oscillating masses must he large. They must he made of steel or 
brass, For mobile li(}uids, aluminium can be used. It was shown experimentally 
that the energy taken up by the layers of licjuifl below tlie inner cylinder is 
negligible. Eecently an estimate of this Avas given by Koscoo (1962). But it 
can be used only in the case of cylinder in uniform rotation. 
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ABSTRACT. The adequacy of the familiar Sutherland expression for the viscosity 
of gas mixtures is tested successfully for binary mixtures involv^ing one component as polar. 
The limited calculations of this paper also reveal that the co-efficients of the Sutherland expres- 
sion miy bo treated as approx i mi. toly temperature independent. This interesting result 
may find great use in predicting values at high temperatures where no direct measurements 
are available. 


INTRODUCTION 


Inspite of the fact that viscosity is the h&^t th(H)retically understood transport 
property we still lack enough in our knowledge to be able to predict it with reliance 
for complicated systems such as polar gas mixtures. This is primarily because of 
the complicated nature of the interatomic forces of polar gas molecules, in general. 
Some calculations have recently been reported by Mason and Monchick (1962) 
for a somewhat over simplified potential model. This is about the best that has 
been achieved so far, unfortunately. Mathur and Saxena (1964a) have recently 
examined the Chapman-Enskog expression for the viscosity of a binary gas mixture, 
Vmizf ^ fashion analogous to that of Gambhir and Saxena (1964) for nonpolar gas 
mixtures. This study revealed that most of the simple polar gases are amenable 
to treatment on the general theory of Chapman-Enskog except the collision 
cross-sections may require still more sophisticated angular averaging than given 
by Monchick and Mason (1961). This encouraged us to look into the procedures 
analogous to the approximate method of Wilke (1950) and scmiompirical method 
of Saxena and Gambhir (1963a, 1963b). All these calculations, which are still 
to be published, indicated that the over-all acciu’acy of such calculations is the 
same as that obtained for nonpolar gases. 


The purpose of this article is to look into the possibility of being able to cor- 
relate the experimental data on the basis of the following equation, Sutherland 
(1896) : 


Vmiaf 


n 


Vi 


"" 1 + 2 ^ 

At* 


... ( 1 ) 
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where and are the coefficient of viscosity and mole fraction respectively of 
the pure component of molecular weight Mi, and (pij is a constant which as shown 
by Mathur and Saxena (1964a) is a complicated function of T (temperature), 
Mi, Xi, and collision integrals. They also showed that the dependence of ^ij on 
temperature and composition is feeble. Here wi will treat (fiij as disposable para- 
meters to be determined from the knowledge #)f This endeavour holds a 

great promise in predicting the values fit high temperatures, as well as 
values of multicomponent gas mixtures. ] 

CALCULATION OF V|SCOSITIES 

If the two pure viscosities and the mixture* viscosity values be known at two 
compositions of a binary .system, 02 i can|be evaluated directly on the basis 

of Eq. (1). If the form of Eq. (1) is correct tho4 it shoukl be possible to correlate 


TABLE I 

Comparison of the calculated and experimental y^i^^ values of 
system and some other pertinent data 

107 X i?^?:ir(gTn/cm sec) x 107 X 107 

Tomp'\/f Xpolar Exptl. Calc. %dov. 0j2 ^21 (gm/cm (gm/cm. 

Sec.) See.) 









( a , c , d ) 

( b ) 

293.16 

0.9006 

1004 

1006 

('}- 0 . 1 ) 

0.307 

1.669 

982 

881 


0.7087 

1047 

1047 

(4 0 . 0 ) 






0.6177 

1080 

1080 

(4 0 . 0 ) 






0.2976 

1087 

1087 

( 40 . 0 ) 






0.2239 

1072 

1072 

( 4 - 0 . 0 ) 






0.1082 

1011 

1012 

( + 0 . 1 ) 





373.16 

0.9005 

1299 

1302 

( + 0 . 2 ) 



1279 

1036 


0.7087 

1333 

1341 

( 40 . 6 ) 






0.5177 

1354 

1367 

( + 1 . 0 ) 






0.2976 

1329 

1349 

( 41 . 5 ) 






0.2239 

1299 

1320 

( + 1 . 6 ) 






0.1082 

1204 

1224 

(+ 1 . 7 ) 





473.16 

0.9005 

1660 

1668 

( + 0 . 6 ) 



1646 

1217 


0.7087 

1680 

1703 

( + 1 . 4 ) 






0.6177 

1676 

1718 

( + 2 . 6 ) 






0.2975 

1610 

1669 

( + 3 . 7 ) 






0.2239 

1560 

1620 

( + 3 . 8 ) 






0.1082 

1432 

1479 

( + 3 . 3 ) 





623.16 

0.9006 

1826 

1836 

( + 0 . 6 ) 



1814 

1303 


0.7087 

1837 

1869 

{ + 1 - 7 ) 






0.5177 

1823 

1879 

( + 3 . 1 ) 






0.2976 

1737 

1817 

(+4.6) 






0.2239 

1678 

1760 

( + 4.0) 





623.16 

0.9006 

1826 

1826(a) 

(+0.1) 

~”o.376 

1.606 

1814 

1303 


0.7087 

1837 

1887 

( + 0.0) 






0.5177 

1823 

1822 

(-0.1) 






0.2976 

1737 

1737 

(+0.0) 






0.2239 

1678 

1678 

( + 0.0) 






(a) Utilising calctdated at this very temperature. »» b, c, and d stand for the same 
references as given in the foot-note of Table 2, < 
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TABLE II 

(-omparison of the calculated and experimental values of Nj-NH^ 
systom and some other pertinent data 


Vmix X 107(gm./cm-soc) x 10^ X lO^ 

Tomp. X polar %dov fpy* ^21 

Tv Exptl. ChIc. (gm/cm-sec) (gm/cm-soc) 








(b) 

(n,p,r1) 

293.16 

0.8883 

1092 

1093 

(-1 0.1) 

0.954 0.8.39 

1758 

982 


0.7147 

1254 

1254 

(+0.0) 





0 5638 

1383 

1383 

(H 0.0) 





0.2920 

1885 

1585 

(+0.0) 





0.1111 

1690 

1698 

(4 0.5) 




373 16 

0.8883 

1398 

1407 

( + 0.6) 


2145 

1279 


0.7147 

1569 

1591 

( + 1.4) 





0..5638 

1710 

1736 

( + 1.5) 





0.2920 

1920 

1961 

( + 2.1) 





0 nil 

2031 

2082 

( + 2.5) 




473. 16 

0.8883 

1768 

1787 

( + 1.1) 


2560 

I64n 


0.7147 

1946 

1988 

( + 2.1) 





0.5638 

2085 

2145 

( + 2.9) 





0.2920 

2296 

2380 

(4 3.7) 





O.llll 

2408 

2501 

( + 3.9) 




523.16 

0.8883 

1939 

1960 

( + 1.1) 


2740 

1814 


0.7147 

2112 

2167 

(H 2.6) 





0.5038 

2250 

2327 

(4 3.4) 





0.2920 

2460 

2564 

( + 4.2) 





0.1111 

2572 

2683 

( + 4.3) 










(b) 

(»l,C.tl) 

293.16 

0.8883 

1092 

1090 

( “0.2) 

0..533 2.401 

1758 

982 


0.7147 

1254 

1254 

( 1 0.0) 





0.5638 

1383 

1385 

( + 0.1) 





0.2920 

1585 

1585 

(+0.0) 





0.1111 

1690 

1697 

( + 0.4) 




373.16 

0.8883 

1398 

1392 

(-0.4) 


2145 

1279 


0.7147 

1569 

1572 

( + 0.2) 





0.5638 

1710 

1718 

( + 0.5) 





0.2920 

1920 

1946 

( + 1.4) 





O.llll 

2031 

2074 

( + 2.1) 




473.16 

0.8883 

1768 

1753 

(-0.8) 


2560 

1646 


0.7147 

1946 

1937 

(-0.6) 





0.5638 

2085 

2092 

( + 0.3) 





0.2920 

2296 

2340 

( + 1.9) 





0.1111 

2408 

2482 

( + 3.1) 




523.16 

0.8883 

1939 

1916 

(-1.2) 


2740 

1814 


0.7147 

2112 

2100 

(-0.6) 





0.5638 

2250 

2267 

(-0.3) 





0.2920 

2460 

2512 

( + 2.1) 





0.1111 

2572 

2659 

( + 3.4) 





(a) Braune. H. and Linke, R., 1930, 7,. Phye. Chem,, ^148, 195. 

(b) Hirschfelder, J. O., Bird, R. B., and Spotz. E. L., 1948, J. Chem. Phys,, 16, 968. 
(o) Trautz, M. and Hebarling, R., 1931, Ann. Pkyaik., 10, 155, 

(d) Van Cleave, A. B. and Maass, O., 1985, Gami4m J. Bea., 18, 140. 
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the entire composition range in this way. As this approach has proved veiy 
successful for the binary combinations of nonpolar gasos it will be interesting to 
see how far this procedure holds when polar gases are involved. To check this 
wo consider the specific systems H2-NH3 and N2-NH3 for which elaborate data 
are available as a function of composition ^at various temperatures. It may 
be pointed out that th(^ procedure for (Setermination suggesttMl above will, 
in general, lead to two sots of coupled (j}^j Values. In (certain cases it may be 
possible to discard one in favour of tlu^ othef but sometimes it may not be. In 
Table T, we list the calculated values for wliile in Table II for N2-NH3. 

Only OIK', set of appropriate 0,; values ^v^e found in the cast> of Ha'-NHa 
system but in the case of Ng -NHg s^tem two setr were found. It 
may be possible to decide about their relative appropriateness by the 
degre(? of agreement between the calculatjl and e>xperimf'ntal values. Thus, 
lor the !N 2— NH3 system the first set of values, reproduce the rfmix values 
within the average absolute deviation of 2.5%, while for the latter set this number 
drops to 1 .3% only. However, the other relatively rigf>rous proeechires of evaluat- 
ing l(wl to values closer to the first set (Mathur and Saxena, 1964a, 1964b) 
and therefore this parti culai };et should be preferred over tlie sc^cond set. A 
littli' enhanced dis-crepancy found in tlic values using this set when compared with 
the experimental values should not matter much for are also dependent on 
Mi and to some extent on the temperature, composition and nature of molecular 
interactions. The other set owes its origin to th(‘ fact that a largo number of 
coupled (l)i^ ’s are. possible whicJi will reproduce the data almo. t equally well 
{(b'ay and Wriglit, 1961). Hen*, of course, we are looking for sucli values of 
which are independent of temperature, composition and nature of j)otential 
energy functions. 

Cowling (1961) gave a simple but approximate interpretation of the physical 
significance of A<^cording to him <{>ij is the ratif> of tJie efficiencies with whif^h 
molecules j and molecules i separately impede the transport of momentum by 
molecules /. Thus, on this picture one shoidd get only one sot of values. The. 
fact that we g(‘t hero two sets is not necessarily a contradiction. The reason for 
this anomaly lies in the assumptions made in arriving at this simple definition for 
As pointed out by Cowling (1961) Eq. (1) with thir meaning for assumes 
the interaction between molecules of different gases purely as ()pj)osition to trans- 
port of momentum and neglects other interactions, for example, the one most im- 
portant arises from the transfer of momentum transport from one gas to another 
at collisions. This has been discussed by Cowling, Gray and Wright (1963) and 
when this effect is also included much more complicated expressions result for 
and its simple definition is found to be no more valid. Therefore, the only 
criterion of choosing one set of values amongst many should be the concor- 
dance of their actual values with those obtained on the basis of rigorous theory 
(Mathur and Saxena, 1964a). 
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To investigate the adequacy of the temperature independent (^ij for purposes 
of prediction at higJi temperatures we aUo compute at high temperatures 
wIktc direct measured values are available. The (pij were always evaluated at 
the lowest tenq^erature and it is interesting that the reproduction even at the 
highest temperature is not bad. A somewhat better correlation is possible if 
(pij are calculatt‘d at tlie same temperature. Thus for H 2 -NH 3 , whore calcula- 
tions w(Te‘ re[)eatefl at T ~ 528.16''K, it was found that the values get repro- 
diKHxl within the maximum deviation of 0.1% 

CONCLUSIONS 

As for nonpolar binary and higlier ordt^r mixtures, the Sutherland form seems 
adequate to correlate the data even when polar gases are involved. Numerical 
calculations ])erformed here for the two systems indicate that Sutherland’s ex- 
pression holds the promise of being extended to high temperatures with 0 /; values 
det(Tmined at a lower temperature. By this analogy one may expect the genera- 
lif^ed Sutherland formula to be adequate also for multicomponent mixtures 
involving polar gases though no checks could be inadc^ because of the lack of 
(‘xperimental data. 
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ABSTRACT. The paper discusses the cause ofjja discoritinuity of t he second kind which 
con-ititutes a significant feature of the ./-phenomtnionji Tt has boon shown that tlio occurronce 
of this discontinuity and the aasociateci eharactcu-istlDS may tie accounted for in terms of an 
irregular fluctuation of th(> ponjeiitage modifli ytion during scattering. A possible interpre- 
tation has also boon suggested for the ‘lev'ols’ of X-ray activity postulated by Harkla. 

I N T H O D XT r T I 0 N 

In two })reviouB papers, Parts 1 and 1£ (Pal, 1964 and 1965) an attempt had 
been made to tiive an interjiretation of the J-dis(*ontinuitv of one kind and some 
aspeets of th(' J-plienomenon, on the basis of established th(‘ory and simple accept- 
able assumptions In the present paper, the other aspeids, with })arti(;ular refer- 
ence to the J-discontinuity of a second kind are studied analytically The 
experiments on th(^ J-phenonienon with which the present analysis is (*on(;erned 
were performed in the following way : Keeping the penetrating poM tT of the inci- 
dent X-radiation constant the scattered beam in a particular direction (j) was 
compared either to the primary beam or to another scattenHl beam in a different 
direction 0, For this purpose, the two beams (jompared were eatdi passed through 
equal thickness x of any absorbing substance (generally Al) and the corresponding 
ratio of ionisations or S’gjS'^p dm* to the intercepterl beams di^termined. 

as they were progressively filtered, and plotted against im^reasing thi(5kn(?ss .r. 
The experiments were conducted by Barklain collaboration with Khastgir (1 925 a,b) 
Watson (1926), Mackenzie (1926 a, b), Sen (iupta (1929), Kay (19»33) and others 
including the writer (1935-37). Khastgir, Watson and Kay (iomparod the 
scattered radiation at an angle 90® with the primary, whereas Mackenzie 
compared the two scattered beams at angles 60® an<l 120 respectively. 
When the graph (fi'IV)9ir or S'i20°/S'60° plotted against x, was drawn, it was 
found, in general, to be eMhet, a continuous curve with a desinuirling coursti or, 
a graph (which might be horizontal i.e, parallel to the x-axis) showing one or more 
discontinuities (i.e. steps). 

The discontinuities observed in the latter alternative were also termed «/- 
discontinuities and they occurred seemingly at definite critical value of the mass- 


♦Present Address, A-91, H. B. Town, P. O. Sodpur, 24 Parganas, W.'B. India. 

283 



284 


Hirendra Kumar Pal 


absorption coefficient of the transmitted radiation. Each discontinuity 

(J,, «/.„ J 3 ...), as postulated by Barkla, signified a transformation from one 
ieveF of X-ray activity to another, there being altogether several such (absorp- 
tion) levels and such a transformation was called by him the ^-transformation. 
It was not, however, possible to predict which of the two alternative types of graph 
mentioned above, one was going to get; for, strangely, the discontinuity occurred 
and did not occur under what appeared to be identical experimental conditions. 
Fora comprehensive ]>erusal, the reader is especially referred to the original papers 
by Barkla et ah 

T H E 0 li E T I (J A L 


A. The ratio {S'lP')^ : 

In th(‘ previous ])a[)er. Part 11, (Pal, 1965) it was sliown that 




AUno” 

\ A““ 


'•x) } I (A 



K' ^ a constant depending on the scattering material. 

(^'90® — percentage modification of the scattered rays in the direction <f> — 99 ^ 
^ 1 , B — constants depending on the absorbing element. 

A* rr- the modified value of A (for the scattered rays) depending on the geo- 
metry of the apparatus. 

A — average incident wavelength. 

(JAyo® “ the Compton-change of wavelength f(>r 0 — 90". 

X thickness of the absorber. 


and ^ ‘disparity' -term for ^ = 9(P. 

Further, when the ratio (S'IP')^()^ is plotted against small values of x. for Al 
-absorber, the graph should (if 6 ^ 90 ° is not zero) be a descending curve. Experi- 
mentally also, when the ^/-discontinuity was not in evidence, this was the type 
met with. In exceptional <;ircum stances, howx^ver, as in the case of Ag- or Sn- 
absorber, the graph may sometimes be horizontal straight lines parallel to the 
a*-axis. 


B. The ratio 

In the previous paper referred to above (Pal, 1965), it was also shown that by 
neglecting absorption inside tho scatterer, we can write 


(S'/P'), = K'M, A)[exp {{A-A')x)] fl+6V 


- ? (t )}+3{p*+C,( q,-p,- ^ )}]... (2) 
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whoro 


(1-1- cos2«4){l + v!'(<4. A)} 


and + A)} = a factor re])rosenting ihc enhaiKtciuciit of the sc?attered 

intensity due to interference. 

= increase in the scatt(^rcd w avoleiigth iii the dirtMition^, flue to interference 
fjj = ‘disparity’ — terms corr(^8pon(|ing resp(‘ctiv(dy to interference and 

to the combination of tlie Compton effect and the interh^rence effect 
at an angle (p. Tin- otiicr terni| are as previonsly ex])lainofl. 

If there is no interference at the seatteri|jg angle 0 then ^(0. A) == 0, and 
/((9, A) = 1 H-co8*0 


Also 




so that from (2) we have 

(KV/'-l, -KW'.Ajlrxiia-l -•■I'WI [ '- -f ■"'■{‘'•(vl ^ )) 


- 3 ...(=» 


where = the ‘disparity'-term flue to the Com])ton efieet in the fUrecition ff. 
Now imtting <p == «« ’ a'ld <> = 120' . 

we got. .ty>< A) -- ( I d-coss (ipc.), j ^)| ^ r)[l -hii-iC.Od A)]/4 

and A) = (l+nns^ 120 ) — r)/4 

so that dividing (3) by (2) an<l substituting the values of /(■/>, /I) and /(('A A) vve get 
approximately 

-S''i20»/*Sf'60° -- A'll-fV-/ ■r^^M(x)+‘i{M{x)-N}"^ ... (4) 

^ J V "" 

where K" = ^)}”’ = (in<»<‘Pwidont of r). 

M(X) = { Cg ( -Pr-(\ ( g -P-^.+ ' ) } 

and N ^ 2C -~2(\ — const, (indei)enflent ol 

^ ^ X X X 

When the ratio -S'l 20 “/S' 60 ° isplottol against ar, the course of the graph will 
be deternuned by x.M(x) and M(x). In the case of a light .catterer Uke paraffin 
wax, p* is small and is positive (SAg > M, and > </*). Also, x • Mix) 
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increases initially and M(;x) diinininhes, as x increasc^s. This intxiiis that the ratio 
falls initially witli an increase in x. Hcncc in such a case a curve descending in 
tJic direction of increasing x is expected. This is corroborated by graph No. 13, 
p. 545 of the paper by Barkla and Mackenzie (1926a). 

The unintercepUxl ratio may be deducefl from equation (4) by putting x -= 0. 
Thus 

= K" | ... (.'5) 

wli(*re 

M{0) = 2 ( f'g ^ ~(\ J = foiiKt. ... (()) 


Fn Barkla and Mackenzie’s experiments, the course of the graplis depicting 
the discontinuities was, liowev(‘r generally straight and liorizontal. 

The eonditionh for the horizontal graph may be (hHluced as fellows : For 
liorizontality the ratio ^hould be independent of .r. This requjr(*.s 

that in e(piation (4) should be equal to zero 


i.e., - p^)) (\ 


A 



A 


— a (const.) 


for all values of x coneerned. Clearly this identity is fulfilled if the^ constant 
a is equal to 0; i.e., 

and ^ l^sc) ~ 

for all values of x concerned. 

The relations (7) and (S) provide tlie conditions necessary for a liorizontal 
graph. It is, however, noted that (S) transforms into (7) when x = 0. Hen(?e 
the general condition for the horizontahty is containetl in (8) which must be true 
for all values of x concerned, from zero upward. 

From equations (6) and (7) the value of ilf(0) is found to be equal to 0 — 
(when the graph is horizontal). 

Corollary 1. For large valuer of the condition (8) rexluces to 

Px ^ 

Corollary 2. When is negligible., ix. when interference is absent^ the condi- 
tion (8) cannot be satisfied and there can be no horizontal graph then. 

Corollary 3. When x ^ Xc (corresponding to rs,.), the condition (8) is auto- 
malixxMy satisfied; for ^ each term then is sejjarately equal to zero; and (7) is the surviv- 
ing coiidition which should he fulfilled. 


... (7) 
... (8) 
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R«*ferring to (‘quatiou (5), th<' ooirnttint ratio for the liorizontal graph is 
ohtainetl by sxiJ)Ptittiting the value of M(i)) and N in that equation. Thus 


*S”i20"/'S"6(r =- .S’120°/‘S'60“ =:= K" 

L L A . 


Now 

and 


— fJAoo'". vors 60'’ :a^ rJA 90'’/2 


SAff — A/\90°. vers 120'^ ^ 3AA»o' 


' I 

.«/2j 


Substituting these, values of and i|i eqn. (7) 

A, = (3ro-fVy^90^/2 

From (9), (10) and (11) tlie constant ratio canmlso be written down as : 


... («) 
... (10) 

... ( 11 ) 


<S''l20°/«S''(iO‘> = .S']20 o/M!0'’ - A'" [ 1 - 41 { 3f 'o-< V ( ' - (12) 

For a light scatterer like j)araffin for whieh interference in the direction (j> ^ 60° 
is small and so also its rate of variation with A, (vide Pal 1048) the term A/'^/3/^ 
1, so that the ahov(‘ ratio reduces to 


K" [i- {3r„-r,j 


Woo’ 


] 


C. The discrmlinuity : 

Ec|uations (1) and (12) r(‘spectively show that the intercepted ratios (S jP )90® 
and (aS'120‘ jS'etiV’) are each a fun(*tion of (■ i.e. of the percentage modification of the 
scattered rays in the direction or dinu'tions concorneiJ. Consequently any per- 
turbation of this quantity is (^xpected to affect tlie ratio. Tf C increases the 
ratio suffers a diminution. 

A small tihange in f of tlu- order of a few per cent only is, however, not 
likely to upset appreciably tlic balanttc in expiations (7) and (S), which happen to 
be the conditions for horizontality of the graph in (12); for, a variation m 0 is 
attended with a variation in A<p or in the saints sense. 

A sudden small increase occurring in the T'-value during experiment can 
only mean an abrupt discontinuity appearing in the graph concerned, at the 
proper place there being no change in the nature of the same, except that its 
subsequent course is bodily lowereii down. Obviously, such an occurrence is 
detectable by its effect on absorption. 

Yet the origin of this kind of discontinuity, according to the present view, 
is fundamentally in the material of the scatterer and not in the absorber, as may 
be supposed on the evidence furnished by the mass-absorption coefficients. 

The discontinuities observed by Barkla with Khastgir, Mackenzie and others 
miiy be explained in the manner suggested above, 
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EVIDENCES AND 1) I 8 C U 8 8 I O N 
(} E N E A L V O N 8 1 D E U A T t O N 8 

From what lias alrtwly Ikmmi said it will appear that tlu^ discontinuity arising 
from a suddcMi variation of ( i.o., of the percent modiiScation on scattering is essen- 
tially associatt^d with the s(rattered radiation. One must therefore look to the 
scattert'd radiation alone for the realisation of this kind of discontinuity. 

}jot us now examine the soundness of the idea put forward. The percentage 
modification in (^unpton si'attering is cletennined hy the number of free electrons 
whi(*h recoil from the parent atom due to the impact of the incident photons. 
When high-iuiergy c|uanta. generatetl at higli exciting voltage are scattered, 
practically all the lorisely hound electron’ are ejected from tln^ atom, with the 
result that modification is complete i.o., cent per cent. On the contrary, at low 
exciting voltages the energy of the colliding photon is wholly inad(‘(j[uat(i to release 
any (‘leetron from the atom, so that the scattered rays are unmofliflcHl. With 
mefliiim <‘xeiting voltage, however, only a few of the electrons are emitted. This 
means a partial modification of the scattered rays. It is in this case, that under 
the action of (*ontinued impulses from the incident photons, a few more electrons 
than normally* at the outset, may he expected to recoil from tht^ scattering atom 
in a giv(m time, particularly wlien it is a light one. In addition, tlu^ possibility 
may not be ruled out that some slight and appropriate^ (diange^s of a casual nature, 
occurring in the microscopic structure of the primary radiation itself may slso 
(!ontrihut(^ to the same' (‘ffect.** In the circumstances, one may expect a slightly 
greater percentage modification than previously. It thus appears reasonable^ that 
vsuch a ])re)cess may ex-casionally ho in aediial e)peratie)n. sueldenly stepping up the 
modifieiation by a few per cent .A reversion elue to 'fatigue’ may also be conceived. 

This concept ge^ts strong support from the experinumtal observatie)n of Barkla 
and Kay (1933) that meeliuin exciting vedtages are)und fiOKV(peak) were the most 
favouralde for the oceairrence* of the J-discontinuity — a fact wliich was confirmed 
by the writer alse) (unpublisheel). It she^uld be montiemed here, that the disce)nti- 
nuities in the experiments of Barkla and Watson (1926) Avero also obtained with 
60KV. (peak), while those in Barkla and Mackenzie’s (1926a) with about 40KV. 
(peak). 

♦It may as well b(^ that, owing to some kind of ‘inertia* or lag, the normal number of elec- 
trons may not, at times be emitted till the atom has boon irradiated for some time depending 
on the energy of the incident quanta. 

♦♦Barkla and ^Mackenzie (1926b) found that a certain frequency of interruption of the 
induction coil used for generating high voltage applied to the X-ray tube was more favourable 
for the occurrence of the ♦/-discontinuity than any other frequency of interruption, greater 
or less. The composition of the primary beam from the X-ray tube is determined to some 

extent by the rate of interruption of the induction. The rate of interruption may therefom 
create a condition favourable or otherwise for the discontimiity to occur. 

The intermediate frequency of interruption of the induction coil which was found most 
favourable for the tZ-diacontinuity of the second kind to appear, is also consistent with the ob- 
servation that such discontinuities are usually obtained with medium exciting voltages. 
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(a) 3Iiiltiph disconfinuliies: 

Granting the possibility of a .sudden ehango (increase^) in the '-value under 
iavourablo ciroinn stances, tJiere is no reason^ wJiy more than one such changes 
should not bo admissible in an unsteady stait'. ; Each change will correspond to a 
discontinuity. In this way, several discontinuities, named ••• 

actually observt^d in course of a single expeli^nK'nt. For example, Barkla and 
Watson reported as many as four discontinuitifs, whereas Barkla and Mackenzie 
obtained generally upto two. With more ej^ensive filtration of the beams 

concerned, tlu^ number might increase to thre!^. 

i 

(b) Drop hi the. ratio: \ 

fn the filtcTing expcTinuuits of Barkla and|Mackenzie performed with alumi- 
nium and paraffin scatttTCTs, {vide Barkla and Mackenzie, 192Ha, Fig. 4, p. 547), 
the drop in the ratio at each discontinuity, was about 7.5% for aluminium and 
about 10% for ])araffin. The greater drop for paraffin is very significant, being 
anotluT evidence in support of the idea adv'^anced. For, paraffin Ixdng lighter than 
aluminium, tlu' probability of UHnlification produced by the forim^r should be 
greater than that produced by the latter: so also the probability of any fluctuation 
of the same*. That the percentage modification diminisht^H with an increase in 
tlu* (i) atomic number of the scattering (dement and (ii) inckUmt wavelength, 
was experimentally verified by Backhurst (1934) at (j> — 150'^ and also by others. 

According to Barkla, the scattore 1 beam in the direction. ^ I2(r\ was 
mainlv responsible for tlu' abrupt tall in the ratio at the di.scontinuity in the’; ex- 
periment of Barkla and Mackenzie {i926a). This would corre^spond to a variation 
in ( 'q causing the Tuajor portion of th^ fall. It should, indexed, b(^ so, ac(‘ording to 
our analysis also. {Vide ecpi. 12). 

(c) The shift of the dwcontimiitp in profjressiv e filtering experiments : 

Barkla and Mackenzie (l92Ga) and later Barkla and Kay (1933) found that 
the effect of softening the i)rimary beam wa.s to shift the discontinuity towards 
a higher value of x: that is to say, for the discontinuity to be observed, filtering 
had to proceed a little further than previously. The reverse (i.e., a shift of the dis- 
continuity towards a lower value of x ) — was found when the primary beam was 
hardened. The shift to a higher value of r may be regarded as due to a longer 
exposure necessary for the softer radiation (at the lower voltage) to exoit(, the 
scattering atom into that critical state at whi(5h a few extra or more eh^ctrons 
are ejected per unit time. This is because, a aofter radiation means lesser average 

♦For the same reason again, the probability of ocmrrence of a C-chango should bo greater 
for paraffin-scatterer than for aluminium. This was substantiated by the experiments of 
Barkla and Mackenzie and also of Barkla and Watson, where paraffin usually gave a greater 
number of discontinuities tlxan aluminium. {Vide Barkla and Mackenzie, 1^26 a, Fig. 3., 
p. 545). 
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(*ri(‘rgy Tor tlic incident (jiianta. The re<|iiirefl longer expomiro generally (tarries 
ilK‘ (‘Xf)(‘rinient(‘r through a gr(*ator disianee from ilie origin in the graph. With 
a inor(‘ peru^trating radiation - say a filt(‘r(^d one -a sliorUu* exposure is oxpeote I 
to bring about the n(‘e(\ssary eondition, resulting in an (‘arlier occurrence of the 
discontinuity, if it occurs at all. The same remark holds good generally irrespec- 
tivt' of the seqiien(‘(' in u hicli the different exciting voltages are a])plied, provided 
they an' of tlie right magnitude. (Vide Barkla and Kay, 1933, Fig. 6, p, 471). 

(d) (^rifiml ahsorhahiJifi^ 

With regard to the critical absorbahilituts, at which the J-dis(;ontinnities 
of the second kind were expected to appear, it may be said that the valm^s obtained 
by different inv('stigators and under different experimental conditions* reveal 
a wide divergence amongst themselve^s, then'by detracting much from the ‘criti- 
cal’ character of the ejuantity, which should have been, otherwise, well-defined. 
For instance', obtaine^d with aluminium absorber, (pi//)) for J.y varied from l.S. 
(Barkla and Khastgir) to 2.2 (Barkla and Kay). Watson got figures higher still 
(2.35). This works out to a divergences from the me'an value, of about lO^J,, 
even more. (A/p)^^ he(^n observed to range' from me(rn 3.6 (Barkla and 

Mackenzie*) to 3.S (Barkla and Khastgir), whiedi me'ans a divergences of about 6%. 
The divergence for is also of the same order. Tlu'se divergences certainly far 
exceed the limits of accurae^y — usually about :j-2% (Barkla and Mackenzie, 1926a) 
claimed for the absorption coefficient in this type of expe^riments. Furthe'rrnore, as 
many as eight discontinuities have to be accommodated within a span c'xtending 
from (A/p)^/ -- -34 t()(////d^4/ — ^3.H, the* corresponding wavedengths being 0.23 A.I^. 
and 0.63 A.U respee^tively. The so-called 'critical’ mass -absorption coefficients 
are, therefore, de])rived of a considerable portion of the w^eigJits attached to the*m. 
According to the present viewv. on the contrary, the above discontinuities are 
the outeiome e4 random fluctuations in the electron -emission from the scattering 
atom — flu> illations w hiedi afiparently kneiw' no law^ except the law of chance. Tlie 
proximity to certain values of (A/p)j/ (in the region of meflium wavelemgth) 
how'oveT, is more conducive to the initiation of tlu^ process suggested. 

Tlie discontinuity in the light of this analysis, also belongs to a different 
(category and w^as discusstul elsew^here, (Pal, 1964). 

The chance character of the discontinuity is more convincingly brought out by 
the appearance of new' discontinuities between the so-called and J.^ and between 
Jo and J3 in the experiments of Barkla and Watson (1926). 

(e) Occurrerice mid mm-occurre.nce of a dimmtinuity: 

A very interesting and yet puzzling aspect of the J-phenomenon had been 
brought to light by experiments of Barkla and Kay (1933). They took two scat- 
terers A and B, made of the same material (filter paper or paraffin wax) and alike 

♦barge variations with variations in the tube current were recorded by Watson (1926), 
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in dimensions. A was an old scatterer wliieli was in use for a long time pa.st and 
B. a newly-made one, previously unexposcd to radiations. The two specimens 
A aiul B were then, irradiati^d and observations made, as usual, sometimes, alter- 
nately on the same day. 8peeim(>n H of filter paptT and A of paraffin wax 
consistently exhibited the discontinuity day ^ter day, while no discontinuity 
was observed with the other specimen of the sa|ie material. This state of affairs 
persisted for (piite a long time, till the scatteroi^; hitherto giving the diseontinuity 
all right, also ceased to give it any longer. With a view to make the test as 
stringent as possible, the experiment was repe^tecl by placing tlu‘. two specinu', ns 
A and 7? of paraffin wax in the same position a|ternately, corresponding to (‘ach 
absorbing thickness of the series. But this mad^no difftu’enee in tlu^ nature of the 
result previously observed. 

Obviously, a beliaviour of this kind cannot be re(H)ncil(‘d with any jirobable 
variation in tin* radiation alone. The uij(*.'*ca])abl(^ [)r(‘suinption therefore, i^ that 
ho far as the occurrence of the discontimiity is concerned, it is intimately 
Jinked up with the scattering process and yet tlu' chemical composition of the 
scatttTer is not the only deciding fa<‘tor. Something more is muulcd. It may be 
some particular ’state/ of or in the scatterer as suggested by Barkla; the state itself 
b(‘ing dependent on or dominated by the whole associated history. 

The evidence' (dteil, does, not iip.set the hypothesis of extra electron-emission, 
if it is (K)nced(‘d that two seatterers though ehmnically and in all (^xtejiial appear- 
ances identical, may yet differ sub.stantially in their rc'action towards X-ray 
stimuli; tliough in what way exactly, it is not possible to say. The necjessary 
responsiveness was actually iiiwent, in the beginning, in on(^ s[)ecim(m but never 
in the other. This responsiv^e featim? again was not of a permaiu'nt character, 
in as niu(di as it disappeared aftiT some time. Neither could tlu‘ irresponsive 
scattenw, thougli in mv all the while, be thrown into tlie hyperst'iisitive state 
in wJiich a few' more (‘k'ctrons could recoil ])cr unit time, (wen under continued 
exposure. It thus appears that neither pn'vious over-exposure nor alisolute 
non-exposure is decisiv e. The precise nature of the. influence that helps or previuits 
the necessary peculiar disposition of the scatterer is yid unknown. 

(f) The CAevels: 

When the percentage of modification i.e. C has undergone a change, it may 
or may not settle down to its now value. Tluu'e may be lurther sudden and loca- 
lized changes including even a reversion to the old valiu*. The (experiments of 
Barkla and Watson and also of Barkla and Mackenzie bear testimony to the 
former kind of behaviour and our (jxpofience with a MiilW tube (hot-cathode, 
w^ator- cooled) to the latter. Instances arc also on record, d(3picting Jidw the plots 
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on th(* graph, systeniaiit*ally chooso between two (or amongst three) distinct levels 
indicating preferred values for C, In this connection, we can refer to our Fig. 1 



Fig. 1. Jllustrating the flu(5tuation of percontage mocJification of tho scattoreci X-rays in the' 
unsteady state. 

and to the nvsults of Barkla and Khastgir (1025) (F/rfp Figs. 2, an I 4, pp. 1110- 
1123) where the stratified graphs illuntrate how (> changed by jump; between 
well-defined levels at the sanu^ wavelength. In this context, somc^ truth may be 
sensed in the postulate of levels’ of X-ray activity with wdu(‘h Barkla assotaated 
the J-phenomcnon. The J-levels may he identified wdth the f^-lev(ds, in vicAV of 
the fact tltat an increase in C is attended with a greater absorption of tlu' 
scattered rays. 

(g) Su 2 )er position of X-rays: 

Barkla and Mackenzie ( 102fia) and later Ba rkla and Sen (TUj)ta ( 1 020) performed 
experiments with one beam of X-rays superposed (ui another by wliieli they souglit 
to establish that the J-absorption and all the associated phenomena depended 
on the whole of a complex beam and not on individual harmonic constituents of 
the radiation considered sejiarately. Tliis view, how^ever.. was not established. 
We shall outline here the (experiments of Mackenzie and of Sen Gupta with Barkla 
and the results obtained by them. We shall also give an explanation which 
seems satisfactory and consistent. 

(i) Experiments of Barkla and Mackenzie on progressive filtering of the two 
beams. 

The position of the J-discontinuity was at first found with a thin sheet of 
aluminium acting as a scatteror. On interposing a second thicker sheet of the same 
material behind and in contact with the first, so that the rays scattered by it, 
were superposed on those scattered by the first scatterer, it was found that the 
discontinuity was displaced to the left, i.e. toward a lower value of tho thickneas 
X of tho filter. 
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The result of these experiments can bo explained as follows : After the second 
sheet had been interposed, the incident radiation being filtered through deeper 
layers, of the scatterer became, on the average, more penetrating tlian previously 
and hence the incident quanta became morei energetic. The discontinuity if it 
appears, slxould therefore, aj)pear earlier. ^ 

(ii) Experiments of Barkla and Son Gupta.f 

Two scattering slabs of paraffin wax — i|j and R.» — were pla<H'd in pirallel 
positions separated by a distance in the pathiof the primary lays. The scattered 
radiation from i ?2 (-ould be superposed whea|rver desired, on tliat from upon 
and inside the absorbing sheets A.^ only. ln|he ex})erimental set-up, it (^ould be 
so arranged that the. primary rays were recefved by (i) R,^ first and (ii) R^ first. 
(Vido Barkla and Sen Gupta. 1920, Figs. 1 a|d 2). 

On superpcjsition it was observ’^ed that th4 discontinuity was displaccfl to tlie 
right in case (i) ami to the loft in case (ii). 

The superposed scattcTcd radiation from in ea(di ease, evidently could 
not directly affect the ionization inside the ionization ehamhor diu^ to the radiation 
scattered from Rj except through a tertiary contribution due to scattering by 
.4 2 - This tertiary contribution must necessarily have been of a negligible inagm- 
tude. This fact was bonu^ out by the plots on the graph being actually identical 
with the superposed beam ‘on’ or ‘off’, except near the discontinuity. In the 
circumstances, it is not quite clear why there should be an exception with regard 
to the discontinuity itself, if it had fundamentally originated in an absorption 
proc<’Ss. 

We are, however, inclined to the vknv that, as in Barkla and Mackenzie's 
experiments, here also, the observed fact was not a superposition effect. It is 
suggested that in tluj experiments of Barkla and Sen Gupta, the position of the? 
discontinuity and also the number of S!ich discontinuities were dotewmiuod solely 
by chance. The appearance of a second discontinuity to the right of the original 
one, besides the one to the kdt (Vldf’ Barkla and SeiiGupta, 1929, Fig. 3, graph 
2) suggests a random character of the phenomenon. 

(h) The unsteady state 

A casual variation in G. as described above, should always be recognized as an 
unsteady state of affairs departing from the ideal. A steady C yields a continuous 
curve, whereas abrupt deviations in its value give rise to the well-known steps 
or discontinuities, whatever the degree of hetorogenoity of the rays concernod. 

In further support of what has been stated in connection with abrupt fluctua- 
tion of G, a few illustrative samples of graphs, obtained by the present writer 
(with Al* as the absorbing substance) are furnished in Figure 1. They speak 
for themselves. The numbers assigned to the plots show the sequence in which 
observations were made. It should be pointed out here, that any change in 6 

♦The puiity of Al. used was not chemically tested. 
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Hliould not theoretically affect the unintercepted latio. i.e. (S'/P')90^ con-esponding 
to a; = 0, as will be evident from Eqn. (1). In practiot\ liowever, even when a: = (» 
the rays liave yet to pass through one foil of A1 (x = O.l iniu) whieh oovers tlu‘ 
window of the ionization chambers. A zero thickness in the grapli is really a thick- 
ness of (1.1 mm. Other thicknesses are to bo anumded accordingly. 

SUMMAKY AND CONCLUSION 

The ratio of ionizations, as a function of the thickness x of the 

absorbing substance placed in each beam, has bcum theoretically ol)tain(Hl and the 
condition of liorizontality of tlie graph showing /N'(>0‘ against x havS been 

deduced. The experimental results showing th(^ grajili to liave a downward 
slope in the direction of increasing thicknivss or to be a horizontal straiglit line 
parallel to the j:-axis, have thus been explained. Tin*- discontinuity obsiTved 
by Barkla and Mackenzie (Ib^Ha) in this graph or in th(‘ {S' j —x graph of 
Barkla and Khastgir (1925a) has been ascribed to an abrupt incn^asi^ in the piuirent- 
age modification associated with the Compton scattering*. Tlu^ sudden variation 
of the proportion of the modified rays has bt^en attributi'il to a casual excess (dec- 
tron-rccoil from the scattering atom. Such a discontinuity is, therefcm*.. of a second 
kind, as distinguished from that of the first kind discussed in a previous ])a])er 
(Part I, Pal, 1964). It may b(‘ recalled that th(‘ discontinuity of the first kind was 
shown to be linked with what was called the ./>-point' which was governc'd by th(^ 
(character of the heterogeneous radiation concerni»d and the nature of the absorb- 
ing substance.** 

The concept of ex(;ess electron-recoil successfully i‘X plains (i) tlu‘ lua essity of 
medium voltage of excitation of X-rays for the occurrences of the dis(;ontinuity of 
the SK'cond kind, (ii) the occurrence of multijde discontinuities, (iii) the greater drop 
in the ratio, S'vzo^^jS'^O^ or (S ' and a greater number of such discontinuities 
in a ligliter substance, (paraffin) than for a relatively heavier substaiujc (aluminium) 
uskhI as seatterer and (iv) the shift of tht^ dis(!ontinuity towards a higher or a 
lower value of x, according as the beam is less or more penetrating. 

As the values olitained experimentally for the c^ritical absorbability at which 
a J -discontinuity of the second kind was expected to occur, showed a wide range, 
the critical character of the mass-absorption coefficient losses its significance and 
it is believed that the position of such a discontinuity is only a matter of chance. 


•If thoro is truth in this concept, it seems probable that in suitable circumstances, the 
associated discontinuity should also appear with monochromatic X-rays. 

••The discontinuity of the first kind may bo obtained with scattoiud radiations also. 
All abmpt change in the C- value, depending on the casual excess electron-recoil during the 
scattering process and causing a discontinuity of the second kind may have an indii*oct influence 
on the *D-point’. This complication may perhaps aecoiuit for the capricious appearance and 
disappearance of the , /-discontinuity (first kind) in the case of scattered radiations under 
apparently identical experimental Conditions — (Vide Pal, iy()4, p. 70). 
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Tlio puzzlino; (‘xporimi ntal r(‘8ults of Barkla and Kay (193:^ regarding the 
occurrence and non-occurrence of a discontinuity of the second kind, obtained 
witli an old and a newly-niadt' scatterer seem to suggest that the chemical com- 
position of the s(;atterer is not the only deciding factor : a condition of matter 
determiiKid by its f)revi<jus history and alsdi tlie composition and character 
of tilt* radiation d(‘pendiiig to some extent on |he frequency t>f interruption of the 
induction coil appear to play an important lole. 

The J-absorption ievef postulated in ihis connection by Barkla receive 
in a restricted sense a jiossible interpretatioa; in the concept of the fluctuation 
of the electron-emission from the scattering jitom. Also the element of uncer- 
tainty involved in the process explains the ^bious vlmTactor of the J-disconti- 
nuity of the second kind. 

The effect of superposition of two beams of X-rays as observed by Barkla 
and Macktmzit* (1926a) and also by Barkla and i^en Gupta (1929) has also boon 
discussed and interpreted. 

A C K N () W L K I) O M E N T 

The author Avislies to acknowledge his indebtedness to late Prof. C. G. Barkla, 
F.ll.fS., N.L., for affording him all facilities for experimental research in his labora- 
tory at Edinburgh University and for giving him helpful guidance during the period 
19115-37. His b(‘st tlianks are also due to Prof. 8. K, Khastgir, D.So., F.N.I., 
Head of the l)e])t. of Physics, Bost* Tiistituti*, ('alcutta, for valuable discussions. 


T{ E E E K E N r E S 

Eaokhursf, T., 19.^4. Phil, Mag. XVII. 321. 

Bark]«, C. iL, J918, Phil. Trans. Hog. Soc.. A, CCXVII, 315. 

1!)24, Nature, GXIV, 753. 

J92.5. Phil Mag., XUX, 1033. 

— — 192(1. Nature, CXVH, 448. 

1927, Nature., CXIX. 778. 

1928, Phil. Mag. V. 1164. 

1929, International Critical Table.i, VI, I. 

1931, Nattire, CXXVH, 877. 

1933, Nature, CXXXI. 166. 

Barkla, C. G., and Kay. .1. S., 1933, Phil. Mag. (Suppl. Aug.) XVII, 457. 
Barkla, C. G., and Khastgir, S. R., 1925a, PhU. Mag. XUX, 251. 

192.5b. Phil. Mag. I, 1115. 

1926, Nature,. CXVH, 228. 

1926, PhU. Mag, U, 642. 

1927, Phil. Mag. IV, 735. 

Barkla, C. G., and Mackonzio, G. I., 192.5, Nature,, CXV, 042. 

1926a, PhU. Mag. I, 542. 

1926b, PhU. Mag. II, 1116, 



296 


Hirendra Kumar Pal 


Barklii, (4., and Sen Oiipta, M. M., 1929, Phil. Mag, VII, 737, 
BarkJa, C. (J., and WatHon, W. H,, 1926, Phil, Mag. II, 1122. 
Khastgir, S. K., and Watson, W. H., 192/5, Nature, CXV, 904. 

i92r>. Nature, CXVI, 47. 

Khastgir, 8. R., 1932, Phil. Mag. XXV, 99. 

Pal, H. K,. 1948, Ind, Jour. Phys. 22, 291. 

— — 1949, Ind. Jour. Phys. 23, 111. 

1964, Ind. Jour. Phys. 38, 61. 

1965, Ind. Jour. Phys. 39, 108. 

Watson, W, H., 1925, Proc. Roy. Soc. (Edinburgli) XTV, 48, 

1928, Phil. Mag. V., 1146. 



jHattM to tke £diiot 

The Board oj Editors does not hold itself responsible for opinions expressed in the letters 
published in this section. The notes containing short re^tts of original investigations commu- 
nicated to thu section should not contain many figur^ and should not exceed 600 words in 
length. The contributions reaching the Secretary by 15th of any month may be expected 
to appear in the issue for the next month. No proof wilibe sent to the author. 


11 

EFFECT OF RESONANCE ON NEUTRON SCATTERING 

BY CARBON 

PARESH KUMAR BISWAS 
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Indian Asscx^rATioN fou the Cultivation of Science, 

JaDAVPUH, CALrUTTA-32. 

(Received March 31, 1065) 

Recently Ganguly and Sil (1963) have obtained the elastii^ seattoring cross- 
section of neutrons by at 4.1 and 2.7 Mev energy (la})orat()ry system) by 
cahuilating the pliasc^s by the Brysk (1962) method with a eom})lex potential of 
Wocxls-Saxon (1954) form. A& tlm agroeme^nt of th(H)retical results with experi- 
mental values was not good, we have recalculated the same problem taking into 
aiteount the resonance level of the CP nucleus at 3.38 Mev (centre of mass system) 
wliich has the width P — J Mev (Landolt-Bornstein, 1961), we have neglected 
other resonances as their widths an*, much less compared witli the above. As 
the level ascribed to it is I)^/^ phase shift corresponding to tliis level will be, 
according to Breit-Wigner formula, ehangixl to 

where <5®3/2 2 the ordinary phase shift vuthout the resonance effei^t. Eji and E are 
respectively the energies of the resonance level and the incident particle expressed 
in C.M. system. E in C.M. system will be 3.77 and 2.48 Mev corresponding to 
energies 4.1 and 2.7 Mev in the Laboratory system. 

The phases of Ganguly and Sil (1963) did not depend on spin, as such they 
were labelled as 6^^ $i and ^ 2 * Now in view of the fact that the resonance level 
depends on the spin value, wc rewrite the previous phases as (Jq— > ^ 1 / 2 ^ 0 * 
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~ ^ 2 ”^ ^%/ 2,2 === ^^ 2 , 2 * BocauHo of tlu‘ rcsonanco, only the 

phase f^ 3/2 2 changed as follow : 


Energy F 

tan S°s/i ,2 

tan 53 / 2,2 

^ a. 77 

-0.1092 hO.0036 i 

- 1 . 6223 -f .0129? 

2.48 

-0.0340+0.0012 i 

-1-0.5126+ .0016 i 


Neglecting contribution from partial waves with 1 > 2 we may write the ex- 
pression for the scattering cross-section (vide Wu and Ohmnra, 1962) as 

fT{0) = I (3^2+2^ '2)P2(cos 0) I 2+A^-2 1 1 2.9 sin2^x 

cos^ 0, 


wliere 




tan Sf 
I - ? tan 


, / — 0, 1 and 2: A\, = - 


tan S. 


3/2’ 2 


I — t tan S.. 



CoH 6 (\ M. system. 

Fig. 1. Rlttstic HcHttoriag of 4.1 Mev neutrons by C' 12 . xho solid curve represents the theore- 
tical results duo to the inclusion of the effect of the resonance level ; the dosh-dot- 
dash curve is the theoretical findings of Ganguly and Kil and the dashed curve is the 
experimental results of Walt and Iloyster. 

Tile results as obtained are compared with experimental values (Walt and 
Beyster, Mlfifi; Little ef a/., 1955) in Figs. 1 and 2. The agreement for the ease of 



Fig. 2. Elastic scattering of 2.7 Mev neutrons by Cta. The notations are the same as those 
of Figure 1. Experimental results are due to Little e(. al, 
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3.77 Mev is good but for 2.48 Mev it is not so particularly at small angles of scat- 
toring. 

The author is tliankful to Professor D. Basu, Pli.P.^ for his keen interest in 
tho work and to Dr. N. C. Sil for his guidance throughout this work. 
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ODANTITATIVE ESTIMATION OF MISALIGNMENT OF THE 
LAYERS IN NATURAL CRYSTALS OF GRAPHITE 

S. KAY and H. BHATTACmAKYA 

Depautment of Magnetism, 

Indian Association fou the Cultivation of SriENCE, 
jADAvruii, Cah’utta 32. 

(Receiml March 29, 19()5) 

It lias boon sliow n from X-ray observations (Ray, Ibfif)) that the inisaligrnnents 
liot'U'ecn tile different crystal blc.cks, inevitably [iresiMit in natural crystals of gra- 
phite, are further enhanced by the purificatory treatments usually undertaken 
before the actual ineasunauents of any of their electronic properties. It has also 
btHUi shown that such enhancement of tlu^ inisaligrnnents produces ap[)reclabl<‘ 
change in these properties (Bhattacharya, J959). Hence noni^ of the (‘listing 
measurements of such properties, which have all nladt^ with puriHerl natural 
crystals, represent tlie true values for pi^rfei^t singles crystals of graphite, and an^ 
suitable for discussion in relation to any of the proposed theories. 

Th(^ correct values of the electronic jiropertieH for perfect cry»stals can only 
be obtained, if some quantitative estimation of the nature of the misalign.\neuts of 
the crystals is made. To determine tlie amount of misalignment, a distribution 
function I(^) is defined, such that the numbeu* of normals to basal planes incliiu'd 
at angle between (j> and (/> 1 d<f) to tlu^ r-axis of the crystal in 27tI(<P) Sin (fidfj}. 



Fig, Variation of i(0) with 

In a rotation photograph of a natural crystal of graphite rotating about the 
a-axis, the 0002 and 0004 spots are found to be olongatcxl into almost Dobyo- 
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ScJiom^r linos (Ray, 1050). TIh' other spots however, are. not affoc^ied in this 
nianncu-, showing thon^l^y tliat tho y)arti(ailar nature of the basal spots is dne 
solely ^to the jnisalignment of the basal plants of the different bloeks in the 
crystal. The intensity occurring at any point Dn the ‘tail’ of a basal reflection 
is due to the ydanes misaligned at a particular angle ^ witli respect to the 
axis of rotation If now a zer<jlayer Weissenll^rg pliotograph is obtained, the 
basal spots are elongated along the c.)-direction| and the intensity at each valium 
of to(w})ich is simply related to </>) is propoi^ional to the number of misaligned 
planes whose normals are at angle (f> with ^e c-axis of the crystal, that is, 
proportional to i(^). From a multiple film ejftposure, distribution of intensity 
along the oj-direction of the spots can b(^ obtapod, which evidently gives a plot 
of !(</>) against 0 (Fig.). ? 

l^ifferent (‘h'ctronio ju'operties of a perfect crystal of graphite liave been cal- 
culated utilising this method of estimation of the misalignments and the results 
are going to be publisluxl s(K>n. 

The authors express their best thanks to Shri A. K. Dutta for suggesting the 
j)roblem and to Prof. A. Bose for his interest in the work. Thanks are also due to 
Dr. R. K. Sen for some valuable dij cussions. 
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ROLE OF RELAXATION IN AN ADIABATIC CHANGE 

M. P. SAKSENA anh S. i\ SAXENA 

rKVSICS DKPATrriMKNT, R^JXSTITAN UNIVRIlSlTy. JaIPITR, InDIA 

{Received June 0, 1904: licaubmiUed September 19, 1904) 


Whomever rapid cliaiies of eruT^y occur iti polyatoiuit^ gases, the phenomenon 
of relaxation is called into play. This is liecause the internal degrees of freedom 
do not readily acquire the temperature of th(‘ external degroAS of freedom but 
ta]v(‘ an appr(*(‘iahl(‘ time, the* relaxation tini(‘. The pur[)ose of this note is to exa- 
min(‘ the possibility of using an adiabatic compression) (or expansion) of a gas 
for th(‘ study of relaxation. 

TonsidcT a jadyatoniie gas suddenly compresscfl adia batically . Tt is reasonable 
to ash-ume that tlu* extcu’nal degrers of freedom will attain ecpiilibrium almost 
instantaneously with the external conditions then bv increasing the temperatiin*. 
By (‘Xternal degn^^s we mean h(U‘(* tlie translational and all such degrees which 
instantaneously accpiire equilibrium witli the ext(‘rnal (amditions. On the other 
hand the interrial degrees exibit a lag and it is only through some slow pro(;ess 
that energy hows from external to internal degrees and ecpiilibrium is attained. 
In this process tlu* temp(Tatur*<‘ of the external degnn'f- falls whil(‘ those of internal 
rises. 

Let us also assuim* that tire adiabatic change is quite fast and its duration 
is much smaller than the relaxation time of the gas. ITnder such conditions the 
total specific heat of the gas. is not effective and th(‘ energy transfer biils to 
follow the quick adiabatic change. We (huiotc* the contributions of the external 
degrees of freetlom to th(‘ total specific heat of the gas by (\ and (\, resjrectively. 
We have therefon' 


(\-(V\Ct^ ( 1 ) 

Let and be the initial temperature ai\d volume of the gas respectively, 
and after the adiabatic compression the temperature rises to 1\ while the volume 
reduces to Wo also presume that this adiabatic change is so fast that only 
the external degrees participate and the internal degrees remain unexcited. 
However, as the time passes the exchange of energy occurs between the external 
and internal modes and finally they get into epuilibrium and at this stage let iTg 
be the temperature of the gas. Applying the law of conservation of energy we get 
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FurthcT, for tho a(lia])ati(* change 

T V * - T r 'v-i ri\ 

Here, y is tlu* ratio of the two spc'cifu* heats of th(' gas uitli tlie ioi(‘rnal dt^grees of 
Irecfloiu frozen and w(* take y to 1)(‘ ecnistant in tlu* small temperature rangt*, 
(^1 writirjg (‘quation (3) It is a,ssunH*di that tlu* (*(pjation of statt* de])ends 

only on the teniperatun* 'J\. Tliis, however, seems reasonable in view of the success 
of a similar assumption in the study of the dispersion and absoi’ption of ultra- 
sonic. waves, (Herzft'ld, 1^55). Eliminating from ecpiations (2) and (3) v\(‘ get, 





IV ^)J 


W 


IMnis, the knowledge of the initial temf)eratiire and vo)him(‘ of tlu* gas and 
their vahu*s after thc^ adiabatic change, will enable* to estimate (\i, and tlu*refore 
tlu* extemt of participation of tlu* internal modes at that tt*m])erature. 

In tlu* above* treatment w(* have assunie*el the gas to be perfect which, however, 
is not true anel therere)re* we replace* the pe*rfee*t gas eepiatie)n by the* fedlowing 
(‘e|uation of state* : 

PV - ATM +P(T)iy]. ... (f)) 

Here*, P, T and T reprewnt the pressure, volume anel tem])erature ol’ the* gas, 
re‘S])ecti\'e*ly. R is the^ gas constant anel R(T) the seconel virial co(‘fficie*nt of the gas 
at the* t(*mpe'ratur(* T. (.eulsieleratiejn e)f eejuation (f)) me)elifi(‘s eepiation (3) te) 


7\,iv ‘in - p.ivn-i 


d*>) 


Ceunbining eepiations (2) anel (b) anel (*liminating .7’, we* get 


(\ 



T ^ I 


f 7 
0 


(7^, Po)IV ’(1 

"'(1 ! 


B(T,)iy,y ^ 

IV hi -4 B(T,)jy,?^-^\ 


inste^ael e)f e*quatie)n (4). 

33u‘ sleov ene*rgy e^xchange betw een the external anel inte*rnal degrees of freede)m 
is charaed-erised by the relaxatiem time. t. It is possible to elerive an expressiem 
for r a(le>pting a treatment similar te) that of He*rzfeld (1955). However, unlike 
Herzfeld we pre^fer to ejxprt‘ss r in terms e>f the teinpe*rature of the* external elegrees 
e)f freedemi since it is directly measurable. The final result is : 

cv / 


T(t) - T.y 


(h 


Ci r 


(«) 


In oquatie)n (8) T(1) is the temperature of the external moeles at a certain time 
and if its values be determined as a function of ^ r can be evaluated directly. 
The application of (^quaticn (8) is in general handicapped because of the 
short relaxation times, which range between 10~® to 10“® sec. or so. A practical 
though indirect way to use it, is to study the changes in volumes corresponding 
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to the chanf'cs in k'niporatiin's at a constant pressun* as a function of time. Su<ih 
an (‘XfK‘rini(*nl can hv con(lm*tefl making ust* of an apparatus technically called 
as KRMA ((^xpansion rate measuring apparatus). This essentially consists 
of a holl(»w (‘ylinder closed at one end, with a light piston. Through the wall 
of the barrel a number of electrical <‘ontacts are locatc^d w^hose position can be 
a(tcurat('ly determined. As the piston moves it shorts the electrical contacts 
one after the other and generates electrical signals. It had been possible to mea- 
sure the position of the piston at intervals of a few microseconds with such an 
arrangement, (Siegel. 1952). 

Another (ixample where the theory developed here will find application is 
th(^ study of the state of a gas in a weak shock w ave. When a weak shock wave 
from an explosion or shock tube has passed a certain distance in a gas, the gas 
adiabatically to ndurn to the original pressure. For such an expansion equation 
(4) will get modified to 


r' -r f i_ (T-o- 1 


(«) 


or in an alternative form in terms of the pressure as 



Hen^ 7\y ]\, and represent the temperature, volume and the pressure of the gas 
in the presence of the shock wave and and the corresponding quantities 

after the adiabatic expansion had subsided. 

The various quantities involved in the above equations are measurabk*. 
Such an experiment apart from being of practical value in the determination of 
f V will also be of great theoretical importance in verifying the assumption viz., 
the equation of state depends only on the temperature of the external degrees of 
freedom. This assumption, though successfully apxdied and tested to some extent 
from the study of ultrasonic waves, still awaits a more direct confirmation and 
supi^ort from as straightforward experiments as mentioned and proposed here. 

We are thankful to Prof. M. F. Soonawala for his kind interest in this work. 
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A NOTE ON BROKEN SU(3) SYMMETRY 
P. GHOSE 

Indian Assoi iation fou tuk Cultivation Scikn( k, flADAVpuji, (‘ali utj'a 

S. SEN ) 

ISaha Institute oe" Nuc lejah 1*dvsi< h, ("m.j utta 
{Received Juhj I7,i IDOf)) 

The — 3/2^ baryoii deeuplet deeay |nto a baryon and a })seud()scalar 
meson octet has been studierl using the f^sp^n tt^ehnique within the framework 
of broken 8U('A). The relevant Hamiltonian transforms like the 1 — (I, — 0 

member of a unitary octet, thus (conserving isospin I and hypercharge Y. For 
the proc(\sses considered the de(;ay amplitudes obtained by using the Wigner- 
E(‘kart tln'orem occur in tccrms of three parameters. The nov(‘l ftcature of our 
treatment is the estimation of the ratio of two of them from the observed deeuplet 
mass splittings. This is essentially a dynamical assumption. A second relation 
between the jiarameters is obtained from the experinumtal decay widths l\* 

Th(c results are talmlated below : 


ThotmUical 


I’rocosM - 

SUCl) 

nrokoii 

Sll(3) 

Kxpt. lUueioucc 

Ajt-) 2.4 

2 

JloHcnluId vt (U, 

^ 2 

K.M.P. ,10, !)77 (1904) 

r(2*'-^ S'-T)/r(Pi*--+ Act-) 0.5 

O.Oit 

05 

r(Ki* -» Sir)/r(l'i*--> Air-J ~ 1(1% 

~ 0%* 

.) 1 oo 

o 

♦We have taken r(ri*" — ► Stt OJ 

Note that the type of borken SU(S) considered 

accommodates the puzzling Fi*" 


(1385) branching ratio. 

We are grateful to Professor R. H. Capps, Dr. P. K. Roy ami Dr. B. Datta 
Roy for valuable suggestions and eriticisrus. Fellowships granted to (P. G. ) 
by Prof. S. N. Bose and to (8. 8.) by Prof. M. K. Bauerjee have enabled the present 
work to be undertaken and are gratefully acknowledged. 
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SU(3) SYMMETRY IN A BOOTSTRAP MODEL 

T. ROY 

.Iaimvpiik (iNivEHsm', ('ai.ch'itx 
P. (iHOSE 

Indian Assoiiation foh thk (Hiltivation of SciiiNCE. .Iadavpiik, t'ALCHTTA 
{Hfceiivd tftily 17, 1 905) 

Outkowsky's (19()3) idea uf the VVV bootstrap has been further explored fol- 
lowing^ the remarks of ftell-Mann, Ne'eman (1964) and Zaehariasen (1964). Starting 
from thf‘ intera tion hagrangian 

L - A'*V> 4r/j/A^*^A:* A*‘» A*‘h/>" | * A* 

! A*'»A*o)9i« I //>'/> 

a possible self-eonsistent solution of the K* and p stra])s yudds tlu‘ SV('l)^ solutions 
for the coupling constants and masses of /f* and p. Hie bootstrap conditions 
also generate another SV(2)f, invariance and mass dcgcuieracy among snch Sl'{'2)^j 
multiplets. These cionsiderations finally lead to full mass degeneracy among tine 
eight physical vector mesons (/>, K*. <f>^) and tlie ST^(*2) solutions for the coupling 
constants : 

L^g\ K**>K* -/)-* + A'*+!^*V • !- [ (K*^k*"- K * ' 

>■ V'2 

- * 1 
\/6 

The calculation is essentially an extension of the method of Abers, Zaehariasen 
and Zemach (1963). We emphasize that our main result shows that Cutkowsky’s 
and Capps’ (1963) assumption of mass degeneracy can be removofl. 

Wo are indebt(Ml to Professor R. H. Capps and Mr. S. Mallik for valuable 
discussions. One of tin* authors (P. G.) is grateful to Professor S. N. Bose for 
granting him a fellowship. 
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X-RAY STUDY OF A SECOND DEHYDRATED PHASE 
OF COPPER AMMONIUM SULPHATE HEXAHYDRATE 

GOURI RAY (iieo 

Department of 

Indian Assiktation fok the (Jui/rfVATioN of S( iente. 

CAL('rTTA-32. ‘ 

{ficveivvd Mat/ 2(», t9<>r)) 

ABSTRACT. TIki exist omv of a weomi: product of C'u(NH4S(),)J)ll2(), 

viz. 2 [Cu(NH 4S04)2]H>() liHs hem n^ported. The povvider ])hotogr»pli of this pliase iiii.s Imh'ii 
indexed by J)e VYolfte's meHiod. The unit c<dl diinensious of* this inoiioclinic piiaw are 

ii - lt).3oA> J 2 .SSA, (■ - 8 . / / A, P — I0.{^J9 Jt cont.ains 4 molofules pi*i* mut cidl and 
the probable space groups lire P2. Pm or P2/m. 

I N T \i O 1 ) IT a T I O X 

111 a previous pajx^r (Bliovvinik RM)I), tlie r(\siilts of i\w- X-ray study of 
Cu(NH 4 K 04)2 2 H 2 O, a doliydrated phast^of (^NH 4 S 04 )J)H 2 () occiirring at br)'’(^ 
IV aw reported. The tlu*nna] dehydration curve for Cu(NH 4 S 04 ) 2 ()H 2 () showed 
anotluT dehydrated phast' which forms at and is stablt^ ujdo \{)i\ V. Tln^ 

diJiydrate phase lost weight corr(\spoi)ding to a further loss of 1,1/2 molecules of 
water so that the nt'w ])hase at contained 1/2 molecule of waita* oferystai- 

iisation per formula unit. 'Jlie moJtwular formula 2 [(hi(NH 4 S()j) 2 l Jl^O w as assigned 
to it and it was further eonfiriued by ehemicTil analysis. 

K X E U J M E N T A L 

JliftUTnations regarding the. crystal strueture ot this phase was ohtaincMl Irom 
x-ray pow^der photograpli, since it could not 1)0 obtiiintsl as singles crystals. To 
prepare the powder ample, a eajiiliary' tube packed witli {in(‘ly })()wdi‘r(Ml 
Cu(NH 4 S 04)2 6 H 2 O wTis treat(»d in the liirnac.e at 1 lOT) for 24 hours so that the 
hemihydraU^ was ol)tain(‘d. I’lie tube was sealed at both ends while still in the 
furnac(b and a pow^der photograpJi ww takc^n with a IDcJu. Unicam camera 
using filtered copper radiation from a Maclilett tube running at 40 KV. 15111. A. 

The powder photograph thus obtained was entirely different from tliat of the 
hexahydrate or the dihydrate. Also there was no spacing common w'itli any of 
the following substances: CuS04H.,0, (NH4)2 SO4 or CUSO4 anhydrous. Hence 
it was ({onfirmed to be tliat of the new^ double salt 2[0u(NH4SO4)^JHjjO. 

Analysis of the 'powder pattern : Attempts w'ere made* to index the powder 
lines in terms of cubic, tetragonal or liexagonal systems. Since the data did not 
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.fit witJi any of tlufsti syt'l.enis. Lipsoa’s method (Lipson 1949J was tried, Avhieli 
also (lid not Ldvt‘ Kufficiont iminhor of constant differences. Th(i only remaining 
|)oNsil)i]iti(‘H th(*rj \v(‘rc^ tlioHc^. of tlie salt belonging to th(^ nioiioclinic or the triclinic; 
sysban. Jn such castes ol‘ lower Hvmnietry, botli Ito’s imdliod (Ito 1950) aa well 
as T)(‘ Wolffc's iiKdhod (De Wolffe 1957) may be successfully applied. 

De Wolffe has shown that certain algebraic; relations may be derived from 
Ito’s ecjuation of r(‘(‘i])ro(‘al latti<;c. With the help of these redations among the 
(‘xisting 1 /d“) values oiU‘ (;aii cx])lor(; the complcd^e reciprocal not and all its 
diffcac'ut levcds. 

According to tiu' ])T’()ccMlur(' of De Wolfle. W(‘. have uiilis(;d the following 
theorcdi(;al redations betwi'cn tlu‘ Q vahms : — I) The ndation bc'tween reflections 
of diih’nmt orders from a coinmon lattice ])lan(' 

imw h) - ... ( 1 ) 

where Q(h) demoU^s thc^ Q value corr(‘S})onding to the r(u;i])ro(;al lattite ])oint 
with ladins v(‘ctor /i; ni and n are int(‘gers. 

(2) Ibdations for a zon(‘ of latti(‘e ]>lan('s 


(a) (Mh-\ h')-\ Q(h- h’) 

- 2|V(/il 

1 (Ah'y 

(!•) Q{h-\-2h')- Q(h-2h') 

- 'AQ{h-\- 

h') -(?(h -/»')! 

(e) 

:ilV(h 1 

2V)~Qi:u \ /i')i 

(d) Q{h-\-.i-h') -Qih-->-h') 

- 1 

h’)-Q(h- h)^ 


Searching for relations lik(‘ (I) it wa'- obsi‘rv(‘d that 4Q., 9(/, Q.^,t 

and 9(jlj —(*>2:0 (subscri])ts of f/s refcT to f-erial nmn hi^r of lines). Further, it 
was sc(‘n that if is taken as Q(hi) and 1 as Qih^) then - Q[2hi) 

Q» ^ and ^ W>h,y, asain Q.^ -= C(2fia). (^u = Q(’ihJ Vts ^ Q(^hi)- 

(K - and Vu., - (mt-y)- 

Thus tlu* lines h - 0 and 1 (► in the array shown bedow' (;ould be written 

down. Tjjc figure’s juaced at (he jcadprocal lattice points represemt l/rf‘-^xl00() 
(;alculatcd. Those in bold tvjjf's n^present the Q values actualJy observed in the 
powder ])hotograj)h . 

Now in 2(a) we may ymt k - hi and h' — and since i Q., ^ 2^(/lJ 
I we recognise Q., Qrt V(/. i— -/(•>) and C(/>rl -hi)- (The former being 

n case of double index). 

Having obtained -h-,) and Q{hi—2hi) we ean and find Q{hi \-h-i) 

Qih-t-hi). I)ecan8e Q{hi-\ /<io)4 Q(hi~h.i) = 2(y(fci)+<;>(A2)J -= 2(39 163^) = 205 
and Q(hr\-iti)~Wti -h.i) - - ^1 339 -249] == 46 

whence Q(hi+hi) ^ 125 and 80. 

From these two, values of Q(2hi+2hs), etc. and Q{2hi-'2ho), 

Qi^hi — '^hi) etc. were obtained using relation (1). 
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Now, lising tlu‘ various s])ociul i*nscs of tlu^ ^(uktuI ivlatiou (2(1), a zoiu' 
of the ivdpro(‘anatti(M‘ could l)(‘ })nilt II]), in which 15 of* the ohscrvc'd Q values 
appeared. 

/■ (I 


0 



2224 

2105 

2185 

2284 

2402 

2710 

3050 




T) 2350 

2035 

1705 

1034 

1552 

1540 

1625 

I7SU 

2014 

2328 

2710 

3101 

3742 

4 18S4 

1540 

1270 

1103 

088 

001 

1014 

1 140 

1357 

1 030 

2010 

2402 

2002 

3 1570 

1212 

030 

718 

500 

541 

571 

s 

080 

SOS 

1134 

1470 

1000 

2411 

2 1400 

1001 

700 

471 

320 

249 

253 

339 

500 

717 

1070 

14 73 

1 055 

1 1340 

030 

603 

350 

175 

80 

03.5 

125 

' 268 

480 

7SS 

1 1 07 

1 020 

0 1424 

075 

032 

350 

158 

30 

0 

30 

158 

356 

032 

075 

1424 

/)= 0 

5 

4 

3 

2 

f 

0 

1 

2 

3 

4 

5 

0 

Searching now' for 

a value of Qih:^) 

il was ( bs(wved that -J 

Qii - 

?,K “ 

131, 


whicii however did not a])])ear very prouiisiut^. Bid just to test wliidher the lattice 
is luonoclinic or not, zoiies were construettH] adding 131, 4 " 131, 9 r 131 Ki ' 131 
and 25x131 to the zo!U‘ ohiaiiMul holdri*. In the tiv(‘ new zoiuvs res])iM'tivi‘ly 
8, 10, 9, I and I observed Q values a])j)ear(Hl and thus all the obscTved values 
V'ore accounted for. 


A- I 


3 

1343 

1007 

819 

721 

072 

701 

811 

090 

1 2(>5 

1001 

2542 

3 

1132 

831 

602 

452 

380 

385 

470 

031 

878 

J 103 

2080 

1 

1007 

734 

481 

306 

211 

104.5 

256 

30f» 

020 

910 

1757 

0 

1100 

703 

487 

280 

170 

131 

170 

280 

487 

703 

1 iOO 

7i 

5 

4 

3 

2 

1 

0 

1 

2 

3 

4 

5 

4 

2004 

1800 

1627 

1512 

1485 

k ~ 

1538 

2304 

2538 

2852 

3243 

3715 

3 

1730 

1400 

1242 

1111 

J 005 

1005 

1070 

1881 

2103 

2540 

2986 

2 

1525 

1224 

005 

844 

773 

770 

803 

1024 

1271 

1500 

1007 

1 

1400 

1127 

874 

699 

604 

587.5 

649 

702 

1013 

J4I2 

1691 

0 

1400 

1150 

880 

082 

503 

524 

503 

082 

880 

1 150 

1400 


5 

4 

3 

2 

1 

0 

1 

2 

3 

4 

5 








3 





4 

2455 

2282 

2167 

2140 

2193 

2325 

2530 

2818 

3195 



3 

2115 

1807 

1700 

1720 

1750 

1859 

2047 

2313 

2040 



2 

1879 

1650 

1490 

1428 

1432 

1518 

1079 

1020 

2251 



1 

1782 

1529 

1354 

1259 

1243 

1304 

1447 

1008 

1007 



0 

1811 

1535 

1337 

1218 

1179 

1218 

1337 

1535 

1811 




4 

3 

2 

1 

0 

1 

2 

3 

4 


1 
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i' \ 


/ 2 

270(i 

25()7 

2410 

2345 

2340 

2435 

2500 

2843 

3108 

1 

2«00 

2440 

2271 

2170 

2150.5 

2221 

2304 

2585 

2884 

0 

2728 

2452 

2254 

2135 

2000 

2135 

2254 

2452 

2728 

h - 

4 

3 

2 

I 

0 

1 

2 

3 

4 

2 

3524 

3528 

3014 



Ic 

5 



L 

3355 

3338. 

5 3400 







0 

3314 

3275 

3314 







A-1 

f 

0 

1 








Th(‘ ca](nilatecl and ()})S(Tvod Q values a|)j)ear in the tables. 


No, of linos 

Intensity 


Q IA/2 

obs. 

Q \ldi 
crtle. 

Imlices 

1. 

s 

8.031 

.0155 

.0158 

200 

2. 

W' 

0.318 

.0251 

.0253 

002 





.0249 

102 





.0250 

111 

3. 

s 

0.134 

.0260 

-.0268 

201 

4. 

w 

5.720 

.0305 

.0300 

2IT 

5. 

^v 

r>.47r) 

.0334 

.0339 

102 

0. 

ms 

5.308 

.0.3.55 

.0350 

300 





.0.350 

301 

7. 

v\v 

5.115 

.0382 

.0385 

012 

8. 

w 

4.405 

.0404 

.0489 

301 

0. 

\'W 

4.373 

.0523 

.0524 

020 

10. 

s 

4.285 

.0545 

.0541 

103 

11. 

w 

4.180 

.0571 

.0571 

003 

12. 

vw 

4.060 

.0005 

.0004 

121 





.0603 

401 





.0002 

312 

13. 

ms 

3.014 

.00.53 

.0649 

121 

14. 

8 

3.785 

.0698 

.0702 

013 





.0700 

402 





.0699 

22T 

15. 

W 

3.400 

.0810 

.0811 

113 

10. 

VW 

3.307 

.0882 

.0880 

320 





.0878 

cc 

17. 

vs 

3.231 

.0956 

.0961 

104 

18. 

ms 

3.133 

. 1019 

.1014 

004 


. 1024 222 
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No. of lines 


./A 

Q=^ 1 Itl2 
obs. 

calc 

Tn<licc(?i 

UK 

v« 

3.049 

.1070 

. 1072 

402 

20. 

vw 

2.914 

.4178 

.1179 

030 

21. 

vvw 

2.S24 

j254 

. 1 259 

1.3T 

22. 

vw 

2.744 

.1331 

.1334 

030 





.1335 

204 

23. 

vvw 

2.042 

^il430 

.1432 

0.32 





.1428 

1.32 




1 

.U24 

000 

24. 

vvw 

2.551 

.1537 

.1538 

024 





. 15.35 

3.30 

2.'». 

vw 

2,482 

.1023 

,1020 

001 





.1025 

005 





.1027 

32^ 

20. 

w 

2.425 

.1095 

.1091 

521 

27. 

vvw 

2.322 

, 1855 

. 1859 

133 

28. 

vw 

2.287 

.1910 

.1014 

205 





.1900 

503 

29. 

vvw 

2 . 225 

.2020 

.2010 

404 

30. 

vw 

2.167 

.2130 

.21.35 

140 

31. 

ms 

2.133 

.2188 

.2185 

100 





.2193 

034 

32. 

vvw 

2.090 

.2270 

.2282 

334 





.2284 

000 

33. 

w 

2.072 

.2329 

.2325 

134 





.2328 

305 

34. 

vvw 

1.829 

.2989 

.2980 

523 

35, 

w 

1.750 

.3243 

. 3243 

424 

30. 

w 

1.726 

.33.57 

,3355 

151 


Thus we have finally estahiishecl a monoclinie coll, the dimensions of the unit 
cell being a = 16.351, h =- 12.881, c 8.771, p -= 103‘=‘19'. 

No evidence of existence of glide pianos and screw axes is depicted by the 
indices. So the pos.‘ib]e Fpace-group may be any of the following, P2, Pm, 
P2lm, 

The density of the hemihydrate determined by a method described previously 
(Bhowmik loc, cit.) comes out as 2.20 gms per <i.c. It agrees ffi^irly well with 
the density 2.16 gms per c.c. calculated on the basis of 4 molecules per unit cell. 
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DISCUSSION 

Uroiii the meagre data of a j)()W(l<*r pliotograph it ia not possible to throw any 
light on the striKiturc of the substance. However, it may be noted that as was 
olkserved in the ease of the dihydrate (orthorhombic, /> = 12.52 A, Bhowmik, loc. 
eit), the value of h remains very similar to that of tim hoxabydrato {monoclinic, . 
h =■ l2.r)0A) in the ease of the hemiliydrate also. 
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ABSTRACT. Tlio absorption sport ra of soini-iimiispavont thick masstvs of p-chloroto- 
Jueno and w-chlorofoluono obtained by lowtn’ing the) teiuporaturo of the li(|ul(ls slowly upto 
about — 130‘ (" liavo boon invc^stigatcMl. Tn the caso of the first compound t^V(^ liroad bands 
at 2(»2()(), 20810, 27230, 27750 and 28200 cm i have becai observed. 'J’akin^r the first band as 
tlio (0, 0) band, the excited state vibration frequencies 010, 1030 and 1550 cm ' liavT boiai 
d<'ri\'(al. It has benm pointcsl out that those frocpiencios corn'spond respectively to the fre- 
(pionci(\s 034, 1090 and 15{10 cm ’ of the unsymmcdricyal modes of the* molecule in tlio ground 
state and that in the fluorc'scence spectrum the 0, 0 band is absent. 

In tlu' cas(‘ of iiKdachlorotolueno only four weak bands at 24885, 2583t), 20775 and 
27720 cm ^ liavo becui oliserv’od. The position of the' first band is almost tlu^ same as that 
of the first bi*oad band in th(‘ fluorescence spectrum of the molecule and if this hand is takc^n 
as t he 0, 0 hand, a progression of the excited state frequ(‘n(*y 945 cm""' is given by the other 
bands. This corrcs]K)nds to thv. fri^quency 990 cm^ of the symmetrie modi' of the molecule 
in the ground state. It has been concluded that when thi' substitutions take place' at positions 
wlnc-h make tlio ring unsymmet rieal the symmetrie mode of thi' ring is coupled predominan- 
tly to tlie singlet -triplet transition in absorption and in the case of tbi' para-substituted mole- 
cule vibration modes asymmetric to some two-fold axes of the ring are coupled to the transition. 

I N T K O D U (Vr 1 O N 

ft was observoil by Caul and Sirkar (1963) that tin* absroption siKartriim of 
solid mass of p-bromotohioiio of thickness about 7 mm. ol)taine<l by cooling the 
licpiid very slowly to low temperatures shows weak absorption bands in the region 
4()45A— 36()3A. Tiiey (ioncluded from the analysis of the bands that they an^ 
due to singkit-^triplet transition. From a comparison of the positions of the 
hands with those of the fluorescence hands reported by jirevious workers they 
pointed out that the 0, 0 band does not appesar in the fluorescence spectrum of 
this compound and that the vibration frequency 1516 cm-‘ is coupled to the 
electronic transition in absorption. As chlorotolucncs in the solid state at low 
temperatures also exhibit strong lumineseiHice wliic'h is ex(;iterl by radiation o 
wavclengthsshorter than 3750A but longer than 3(M)0A (Roy, 1959), the lumine- 
scenee is produced by excitation from the singlet state to the triplet state followed 
by transition to the singlet state again. The liiiuid, however, shows only conti- 
nuous absorption in the region on the longer wavelength side of 3300A (Roy, 
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11)60). It was, therefore, thought worthwhile to find out whether bands are 
produced in the absroption spectra also of these compounds in the solid state at 
low t(‘mp(‘ratijres. Tlu> results of investigations on the absorption spectra of 
w-chlorotoJiione and p-chlorotoluene in the solid state at about — 130"C have 
been discussed in the present paper. 


J5XPEKTMENTAL 

As the singlet-^triplet absorption is very weak, a cell of thickness about lOmni. 
had to ho used in ('ach t^ase. The oo\l was made of Pyrex glass and the thin windows 
were made ])y blowing the ends of a tube. When m-cdilorotoluene or p-chloro- 
toluene contained in siudi a (iell is frozen by immersing the cell in liquid oxygen 
f\n opaque mass is obtained. Attempts were therefore made to obtain at least 
a semi-transparent frozen mass in each ouho by cooling tlie litjuid slowly to a 
t(miperature just above th(^ melting point of the (crystal and then by slowly lower- 
ing th(^ t(‘mperature a few degrees below the freezing point. No single (Tystal 
was produced by this methofl, but almost a transpanuit mass witJi a few inttwnal 
(tracks was obtained. The liquids were of chemically pure cpiality supplied by 
H.D.JH. of London. The vortical straight portion of a 250- watt coiled tungsten 
filanumt lamj) was used as tlie souroo of light and it was focussed with a lens on one 
of the windows of the (tell. TIu' light transmitted tlirough the otIuT window was 
focuss(*d on th(‘ slit of an Adam idilgeu* medium (juartz s])(‘ctrograp]i givdng an 
inverse dispersion of about lOA/rnm in the 3500A irgion. An exposure of about 
eight hours was reipiired to photograph the a[)S()ryjtion sp(»ctrum. On (ta(th 
spectrogram iron arc spectrum was also ])hot()graplied as a comparison. 

Micropliotometrii* records of the spectrograms W(U’(^ taken using a Moll self- 
recording microph()tomet(tr. Two sharp s(;rat(thcs made with a razor blade along 
two (thos(*n iron lines on each of the spectrograms were ext(md(vl across the ab- 
sorption spectrum and the wavekmgths of the absorption maxima were measured 
from th(^ microphotometer records of the absorption and iron ar(j spectra by 
nu^asuring the distances of the maxima from the positions of the chosen iron linos 
and finding out the wav(dengths of the iron lines at siudi distan(;es on the record 
of the iron arc specriim. As the bands were found to be broad, care was taken 
to locate the positions of the maxima with reas(3nablo accuracy. 


RESULTS AMU J) I S C U vS S I () N 

Microphotometric n'.cords of the absorption spectra are reproduced in Fig. 1 , 
The record of the spectrum of the incident light photographed with suitable ex- 
posure is also reproduced in the figure. The wave numbers of the bands are given 
in Table I. 
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TABLE I 



Metachlorotoluene 


Parachlorotoluene 

No. 

p in cm*'! 

AsMignnient 

No. 

V in om' 1 

AsHignment 

A 

24885 

0,0 

A 

20200 

0,0 

B 

25830 

0+945 

B 

2QI10 

0+010 

(; 

20775 

0 + 2x945 

C 

2'^30 

0 + 1030 

D 

27720 

0 + 3x945 

B 

21^60 

0+1650 





K 

28^60 

0+2x1030 


Metac?dorotoluene ^ 

Tho band at 24885 cin-^ (4017. 4A) is very weA but it is definitely present in 
the difftm^nt speetrograins ()l>tained for m-chlorotoluene. The frecpieney of this 
hand is very near to tliat of the first broad fluorescc'iiee band at 24862 ciu~* re- 
|)ort(-d by Hiswas (19»)t)a). Jhus in this eas(‘ tJie 0.0 singU't — triph’st transitiou 
is allowed weakly both in absorption and in fluorese('ne(\ The otluT three bands 
in tlu‘ absorption specaruin at 25830. 26775 and 27720 eiu '^ form a i)rogroHsion 
of tile excited state vibrational frequency 045 (*ni“"b Probably the corresponding 
grqund state frequeiu^y is 006 cm-', aa can be seen from tlie fact that the strong 
Hainan line 00b cm ^ is assigned to the breathing mode of the ring. Thus this 
syninietric mode is coupled to the singlet— > triplet transition in this molecule 
which as a whole has neither a centre of symmetry nor a strict two-fold axis. 

It would be of inter(*st to find out wliat vibratk)nal frecjuencies are associated 
with th(‘ singlet 4— triplet emission. The frequcmcies of first thrive fluorescenct^ 
bands reported by Biswas (1056a) are 24862, 23578 and 23115 cm-b All these 
bands are very broad and the tliird is the strongest. If the centre of the second 
band would be taken at 23646 cm ^ the difference*- of the first two fre(|uencies 
would agrees with the Kaman frequency 1216 eni""^ whicli is due probably to the 
mode 2 of the ring. The next band would then be assigned as v*, -(1216 f 531). 
The frequency 531 cm ' would then agree fairly with the Haman frequency 
522 cm“^ due to mofle 6B of the ring (Pitzer and Scott, 1043). A very feeble 
band at 4 107 A is visible in the spectrogram reproduced by him (Biswas, 1056a). 
Thus tho modes associated in the emission spectrum are different from those 
associated in the (lorresponding singlet->triplet absorption in this case. 

Parachlorotoluene 

In this case the first band is at 26200 cni”^ which is at a distance of 1442 cm~^ 
on the shorter wavelength side from the first fluore^ence band at 24758 
(Biswas, 1956b). It appears that in this case the 0, 0 transition in fluorescence 
does not occur. Probably, the emission is induced by the vibrational mode 
corresponding to of the ring. The other bands of the absorption sj^ectnim 
2 
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shown in Table I give the exeik'd state vibratk)n frecnieneies (ill), 1050 and 1550 
eni-J respectively. The Tlanian spectrinn <»f tlu' crystal shows (Sanyal, I05:i) 
strong \inm at OllO, lOlKi and 1590 em-i and ^ weak line at U5+eni-'’ vvasalso 
Imported by previous work(‘rs for tlu^ lif|uid (Mag|t. 1 950). The thire lines OSOcni-' 
1090 cm-* and 1590 cm-* are assigned (Mecke-|:erkhof, 1951) respectmdy to tlie 
modes v«/,. ViB., and Vgj, (Pitzor and Scott. 194.% In that (!ase the ('xcited state 
frequencies 017, 10.50 and 1.500 cm-* would c()i|Tespond to the ground stato fre- 
quencies of modes Vj/j, an vgg respectively.!' So. it is found that these modes 
which make the ring asymmetric to a two foli axis of the ring are coupled to 
the singlet->triplet transition. In the luminescence spectrum also Biswas (19.50b) 
observed a vibrational fre((uency 1062 cm * which might he the freciuency 1090 
cm-* obs('rved in the Hainan (d'fect. 

A comjjarison of these results with those observi^fl in the case of metachloro. 
toluene h^ads to the conclusion that asymmotric clecstronic structure of the ring 
is the e8.sential requirement for the singlet-^triplet transition in absorption and 
this is produced in the case of metaidilorotoluene by th(> substituticm itself and in 
the case of parachlorotoluene by some asy mmetric. modt's of vibration of the ring. 
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ABSTRACT An expression for magnetic 8iis(‘eptibility for [NiHulija- comploxc’s ts 
deduced on the basis of the molecular orbital pro(e<lure of Stevons, Bose et nl, and others, and 
compared with the experimental results on single crystals of | KttN ]2 | NiBr 4 ]. An anisotropic 
reduction in spin-orbit coupling coefficient is found, which indicates an anisotropic ovcrlup 
of ligand s- and p- charge clouds with the central d-charge clouds and also admixture of Sd*^!!) 
with 3d« configurations. A sharper fall in the theoretical 7" curve below 200 in core 
trast to the experimental curve and nearly 7% discrepancy botwc^ui the two at the lowt'Hl 
temperature (lOO^lir) suggest an appreciable changes of the. trigonal field coefficient a 
temperature. 


1 N T R 0 D U n T I O N 

In the tetrahodrally co-ordinated Ni*+ complexes the cubic ligand field (morgy 
pattern, into which the free ion ground level 3d* ®F is split up, consists of tlie 
levels and *A 2 , in increasing order of magnitude, which is just the reverse 

of the octahedral complexes^ and the separation of the levels in the former cas<’ 
is 4/9 of the latter (Van Vleck, 1932; Gorter, 1932; Bleanoy and Stevens, 1953). 
The X-ray studies hy Peter Pauling (unpublished, reference by Gill et ah, 1959) 
of a series of isomorplious organometallic halides of Ni®+ e.g. (Ph, Me As)^ 
(NiHal,) and [(Et 4 N )]2 • (■(NiHal 4 )] indicate that in all these salts the Ni*+ ion is 
tetrahedrally co-ordinated. This is supported by the optical absorption measure- 
ments in the latter salts (Gill et al, 1969; Goodgarao et ah. 1961) which give 
bands round about 12600 cm-»((»Ti(P)-> *Ti(P)) and 6900 cm-H®Ti(F)-> ^AalF)) 
as against 26000 cm~^ (®A 2 -> ®Ti(P)) and 14000 cm“*(®A 2 -+ ®Ti(F)) respectively, 
in the octahedral salts (Bose et al,, 1963). Also, the moan magnetic suscepti- 
bility measurements (Gill et al. 1959; Bose et al., 1966) yield a high magnetic 
moment (about 3.6— 4.0 Bohr magnetons) compared to the spin only value of 
2.83, indicating the presence of large orbital contributions which is reasonable 
to expect if the *Ti triplet lies lowest in the Stark pattern. 

X-ray measurements fiirther indicate that the salts which form cubic cryst. 1 
(space group P2i/3) with four ions in the unit ceD, a = 16.5 A) have a trigoni 1 
distortion of the halogen tetrahedron round the Ni®+ ion, the trigonal axis passin? 
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throngli one lialop:on at tho vortox of the totraluvlron and the (-(‘ntral ion, 
and normal to tin* bas(» forniod by the (»tlier thr(*(‘ o(|nivalent halogens. Tims the 
Ni“* may be taken as imdcT a small trigonal fitdd siip(M*|)()sed n poo the predomi- 
nant cubic fi<dd. so that a furtlun* splittin|| of tlu‘ energy levids will occur an<l the 
f(NiHal 4 )]‘‘^"' complex will be magneti<taUy anisotropic, the effect of which will 
be appreciable even in the nu’an sust eppbility < f the crystal (the crystal being 

cubic will not show magnetic anisotio))^^). in the higher order terms particularly 

at kw temperature. I 

We have therefore derived a theorot|fcal expression of the mean sus(!eptibility 
of (NiHaJ 4 )-~ — complexes on the basis |f th<‘ molecular orbital theory of Van 
Vlcck (1935), St(wens (1953), Bose H aM (1900) and compared it with the recent 
experimental valuc/S by one of the coauthors (S.M.J on f( 1 ^ 2 H 5 ) 4 Nj 2 NiBr 4 the 
details of wbicli will be published in a separab' 

M O 1. E C U L A \< () li H r T A L T H K () H Y () K T K T H A If K D K A L 

Ni2+ (K) MP b E X E 8 

In addition to the splitting of tlic ground state*- of Ni- * ion by thc» tetrahedral 
field of the tyfie T,/ wv have also to consider tlu^ effect of th(‘ existed state on 
^Ti(F) which arises from tht^ same electron configuration. The lowest triplet 
‘‘*Tj(F) (‘ontains an admixture of ®P, which itsedf remains unsplit under tJie said 
field and s^ians the sanu^ representation ^Tj of the jioint group T^. 

A Ni^+ ion under a point group T^ can be tn^ated as a system consisting of 
two ri-holes, in wliiidi the thre(^ lowest .stat(*s ®T,(F), ®T. 2 (P^) and ^AgtF) arise out of 
• (c)^ and (c)‘^ configurations, nrpectively. Following tlu^ usual notations 
^6 ~ I ^ determinantal wavefunetions of tiiu 

lowest triplet ^Ti(F) including the admixture of the ligand s- and p- orbitals 
with tiu* central NP* c?-orhital.s can he written as : 

I I 

^3-~ I h^c I 

where ta^ ^ and Ic are single electron or hole orbitals in to configuration. To 
include the effect of spon-orbit (coupling, which takes the form S(w.s),. (Bose ei al. 
1960) note that 

= j“yi + “»/2 ~ "■ 

where is the spin-orbit coupling coefficient modified by covaloncy overlap, 
a result similar to Stevens (1963) for single d-electron case. Here and Uf^ 
are the r-th component of operator for hole number 1 and 2 respectively. 
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Further, tho almeiioe of a (^oiitro of inversion in those tetrahedral complexes 
iritioduecis a h^aturc' which does not (xjcur with octahedral, which is that 
configuration can he admixed with the consequence of which may ho consi- 
(lerwi to he that th('. hobs are not in pure 3d-orhits but in orbits which are 
an admixture of a with a 4p-wavefunction. Then following Bates et al, 
(1962), Bates (1063), Wolfsberg and Helmholz (1952) and taking this admix- 
ture the orbitals j x}/\ > I (^) finally written as : 


in -= 


h ^ 




xyy = ^ ( I +r 1 2 ^ K+o-i-o-j-o-a) 

I yzy = iv[ ^--^^.-i^dyz+y "2* (o-j ^fra.-o-^-cr^) 

-I ^ 2 * { + -^2 ^^y*^-^yz-^y^ -^y.^}] 

\xzy = N [ l-r i y 

"2 ^^.Vi ^y^ ~ ^ya ~ ^y * 0 ■■■ 


in which N is the ncrmalizing factor and A's are measures of admixture of ligand 
s- and p-orbitals with the (tentral Ni^^d — orbitals; dxy etc., represent the 
major 3d contributions and y |25> etc. the 3^*^ Ap contributions. 

Taking the trigonal axis of the complex as the axis of quantization, the 
appropriate trigonal orbital states for lowest triplet are : 
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where co = exp 

»c) that inclusive of covalency the luin-zoro matrix elements of Ujj, are given 
by (C is the direction alcmg the trigouaJ axis and witli | and // form a right lianded 
orthogonal system (jf (toordinates). 





/+ mJo \ / 0 i ttj . i(^0-yiiyx^x(y>) 


y/2 (Th rii^)^ ^2 




/+ ! „ i 0 \ -^ / „! ^ w4)_- y^r4AJ>l ..—ic, . (r.) 

^ I 1 / ^ / y'2 (I +^yi^)'(i -I rii'‘)’' ./2 ' 


vvli(‘r(‘ the spin-orbit cou])lirig coefficients ^i(d) (|| and | to trigonal axis) are for 
configuration and ^dj)) are for \W4r'p configuration, inclusive of the reduction 
(lu(‘ to (^ovalency overlap of surrounding .v-and ^j-ligand orbitals and yw and yx ^^'I’e 
llu' :W‘' WdP ip admixtural (•o(‘ffi(;ients associati'd with the states |0> and| +>, 
I — > of (*(pi.(4), respectively), and ^x ean then be taken as effective spin-orbit 
coupling coefficients along and normal to the trigonal axis. 


F INF S T H U(‘ T U K K 

Tlu^ set I I > , 1 0> and | - > behaves as an atomic />-state having M'j^= 1 ,(1, 
I r(\spe(‘tively so that the appropriate Hamiltonian for the lowest triplet is given 

^>.y 

H Vfrig- d (6) 

wlu'ic' a, a' are the effecdive orbital Lande' (/-factors (Abragam and Pryce, 1951) 
11 and to the trigonal axis, respectively and takes into account the admixture of 
t-h(^ ujiper l(‘vels. Under the trigonal field breaki up into (doublet) 

and 7Tg (singlet), remains unf-plit (y) into iJ/j.y (doublet) and (singlet) 

and the ground triplet ^7\(F) into (doublet) and (singlet) (Abragrain and 
Pryce 1951). The energy separation of the split components of the ground triplet 
^T^(F) is such that the doublet lies at — (1 /3) A and tlu^ singlet at (2/3)A 
where A is the trigonal field separation. Operating vvitli Hamiltonian (6) over 
a ®P tenu and solving the secular determinant get the energies as 


Ea 


1 

'2 




1 

2 


[ I +ai,-s. ] 

[ t -■] 
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^ 2 =— A- +^?ll 


K.- ‘[tl- 


when', 


A’5 = - 3 -aCll 


,S'i 


and the vvavel'uiictinns aa 


n| I. - 1^ i 6 |o,(»^ 1 «| I. * )> 

0, = cj l,0^+ri|(». 1^ 

fi- c| -1. 0^+</,0, -I ^ 

-rZ|l.O ^ c|o, 1^ 

«'/■* dj -1, 0^ -ejo, - I ^ 


where, 


a= .6 . 

d- ^'^c- 


2«®+6® = 1 


c*+rf* = 1 
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In the above expressions since a and f|j also a' and fj. appear as products 
we may reiuaee theses by P\\ and 

If the trigonal field coefficient A is positive the relative positions of the omu'gy 
levels including the effect of the spin-orbit coupling in ascending ordf^r will cor- 
respond to the sexpience of wave functions (0^, (^5. ^'5) (/>:v 

For negative value of A the arrangeimuit of tfee wav(‘l‘nncti()nH in (S) holds good 
ill the order of increasing energy. Sine,(i in fjjhe fornu^r east^ two non-magnetie 
singlets and 02 successively, in the tw^ lowermost positions where in the 

latter case a magnetic doublet (0^, 0'j) lies ii|imerliately abovt^ 0„. tlu^ td‘f(M?tivo 
magnetic moment should be comparatively j^mallcM’ in th(* fornuM*. Assuming 
A negative to start with and calculating tluf first and s(u-ontl ord(M’ magmdic 
pf^rtiirhations for only the lowest 0,^ and 0^, 0*j lev(‘ls, since rest of the levt'ls lie 
too high above about 1000 cm to give appreciable contribution to the suscu^p- 
tibility we got the expression for the mean susceptibility as follows : 


K ^ 


N/J^ 2.42, ( / P \ , \1 

M "I r +— «■)-' H 


N/P 

3 


B 


r 1 8(c I Ja'Kj 
L I A’a-A’i 


Ja'Kj. d)i 


H{hc - 2 fid I * (' 2 (ic -ImI)}' 


+ 
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Kjj and k'x are the actual orbital reduction factors due to covalency, K|j and 
can be taken as effective reduction factors inclusive of the effect of3(i’ 4p-aflmix- 
ture. Her(i again in (9) we can replace a^n and and by Q^\ and Qi respec- 
tively. 

In the expression for the second term within braces is the contribution 
from upper X' i^xy 'Az levels coming directly through the lowest level 

of (b) calculated similar to A.bragam and Pryce (1951) where 


Vo — 


V3 - 


V5 


( 

( 

( 


Vj.. -. %!? W 

XV ^ XV ' 

X > 

AA/o \ y 

a /2 ir\.y) ^ 


( 10 ) 


in which /’s are very near to 1 and </’s are about O.l. The denominators in (19) 
stand for the encirgy spacing of various stakes from tlu^ ground level. In the 
absence of the fine structure absorption spectra results we have taken tlu^se to be 
purc^ cubic field energy spacings. The situation hen? is formally similar to the 
octahedrally co-ordinated salts (Bost? et al.. 1964), when» also after the intro- 
duction of spin-orbit coupling there is a lowest singlet with a doublet above it. 
Howov(?r. in that case D the energy separation between these two lowest levi?ls 
is less than 10 cm““^ and the system behaves as with effective' spin = 1, though 
only .711 value has been observed by paramagnetic resonance method (Zverev and 
Prokhorov, 1958) since the transition for c;an be spanned experimentally only 
by waves of length ~ 1 mm. Tn the present case from calculations that follow, 
will be appreciably populated at ordinary temperatures and matrix 


elements corresponding | 26' j I'J+26^ j ^'1^, willh avo 

non-zero values, while the matrix elements for -2S^ and 

> are zero, so that the p.m.r. absorption spectrum corres- 


ponding to 7i; can be obtained, though with a decreased intensity, while 71 will be 
zc^ro. The arrangement of energy levels resembles in some respects that in Cu-aoetate 
where resonance signal comes from a triplet lying ~ 315 omr^ above a non- 
magnetic singlet (Bleaney and Bowers, 1952) though it must be remembered 
that in the two cases the mechanisms of the splitting are physically quite 
different. The expression for g values are as usual 


7i! = 2[2d*— aK||C^] 
= 0 

but as yet no p.m.r. data are available. 


( 11 ) 
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0 O M P A R I fc) 1 () N WITH K X P K H I M E NT T A h RAN S U S- 
C E P T 1 B T 1. J Y A T I) 1 F F B R E N T TEMP E K A T V R E 

While comparing with experimental reaulti wc‘ note that P|i. Pj, , (?,!, Qj, are 
five a(ljusta})le parameters whose values (?an l>e^deeiderl by fitting with the mean 
susceptibility at five temperatures (theoretical^ three since the rolativt‘ magni- 
tudes of P(|, Pj_ and Q\\ Qi are dependent on)A), if the value of A is as^'umed 
to remain constant with tem})erature. Howe^r. in view of the large numlxM' of 
earlier experimental findings (Bose et aL, 1960, P6J, 1964, 1965) it is very unlikely 
that A sliould be constant. But since we do nof havQ any anisotropy or resonance 
data we are not able to find the values of A at |lifferent teanperatun^s from mean 
susceptibility, which only was measured for t|ie cubic crystal. On attempting 
to fit tlu^ experimental values on mean susceptibility it is found that no single 
set of above parameters can bring the fitting Within the limits of experimemtal 
error at all the temperatures. When the closest approach to one value at a given 
temperatures is mad(^ with a given set of parameters th(‘ values at other show syste- 
matic increasing diffc’-ences. Since the room temperature exjierimental moan 
moment value is always treated as standard we found out the set cf the values of 
the paramete^rs whi(‘h gave the calculated moment at this temperature very (dose 
to the experimental vahu' and also gives nean^st approach to the moments at other 
temperatures. This set of the values of the paranmters are Pn = — 240 cm'~\ 
P^ ^ ~-375(jm-i, ^>11 -- .7, = 1.624 and A -= --1020 cm h Under the 

present (iircumstances we are unable to separately calculate a’s, and from 
P’s and Q'i*. Pjj and P^ can further be written as Pn — and Px = a'Pj. f, 
where f (— — 325 cni"^ : Bose ei aU 1963) is the free ion spin-orbit coupling c( efficient 
lor Ni^' and so aP;) 0.74 and a'Px -- 1-15; (?: - i| or JL ) is the reduction 

factor associated with the matrix elements for spin-orbit interaction. TJieso 
n^ductions (given by Ici, P^ are due to the anisotropic overlap of the surrounding 
.s’-and jfi-ligand (dmrge clouds with the central d-charge clouds and the admixtun; 
of 3(P 4p configuration with 3rf®. 
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Tilt* HvsicinatH* incrvasin^ difforenoe beiwc(*n the (experimental and theoretical 
rcHuJts as shovvii in tlit^ tahl(e .2% at 20(>°K, 3.1 at 140‘^K, and 7.0 % at 

100^ K) jLfivt'S a clear evidence of thc^ inadocpiacy of tn^ating the anisotropic para- 
meters as ind(‘pendent of temperature. Tn particular the parameter A might 
(*]iarig(* a})j)r(uaal)ly from the room temperature value of - 1020 cni"^ in order 
to vvi})(" out the 7% flisagref*ment in mean susceptibility at low temperatures, 
sinct* the mean susr^eptibility is not very s(‘nsitive to the changes of A. Of course 
as A changes it is only natural that the relative valui\s of P|i, Px and ^?||, Qx will 
also change (*orres])on(lingly. thus sharing the task of wiping out tin* discrepancy 
b(*tw(*('n them. This is particularly tnu* for the tetrahedral complex(‘S in wliicli 
tin* anisotropic fi(‘1d admixtures and overlaps are comparatively larger than in 
o(?tah(^(bal <‘oniplex('s and t(*inp(*rHture variation of A may have* greater influence 
on (P|', Px ) and ((?|, Qx ). This effect, in cas(*s where suflB(*i(mt expt'rimental 
data on anisotropy and n^sonance at different teinjieratnres an* available, can be 
introdu(*(*d as a .second approximation, the beirnr the calculation of P\\. Px . 
(I>|| and Qx as constant and A as the only variable with t(miperature as done at 
pr(\s(‘nt. 

Oni* interesting point is that the theoretical pf' versus T curve* (figure) (consi- 
der'ing A — constant) shows a rather quicker fall below 2()0‘^7i(A:T ~ 14(1 cm“M 
owing to th(* fa(d that (1 ) the low(*st level (|)^^ is non-magnetie and (2) the next higlier 
lev(*l (^j, (j>\) is about 150 cm h The oxpt^rimental data above room tempr^rature 
is not available. But those below show a steady fall of magnetic momi'nt witlr 
Uunperature down to lOO'^K instead of a sharp fall. Evidently the thecmdical 
sharp fall is counteracted in jiractice by the appreciable temj)erature dependtuH*e 
of tlu^ anisotropic part of the fudd. Finally, we considered the casc^ when A is 

TABLE I 

240 cm-i Pj. = - 375 cm-^ 

0.700 Qx = 1 .624 

A — 1020 cm 


Toniporaturc 

K 

Kxporimcntal vhIuph 

Tht?oretirttlIy oalnilated values 

Xx 108 

vp 

/fx 10“ 


300 

5986 

14,. 36 

6008 

14.41 

260 

6840 

14.22 

6840 

14.22 

ISO 

9536 

13.72 

9421 

13.56 

J40 

11909 

13.33 

11643 

13.03 

100 

15997 

12.79 

14759 

11.80 
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positive. But the luean iiioiuent iu tliat (‘ane would ))e very uiu(*h smaller and 
praeticallv of the higlier frecjueTU^y type which does not agrees with experimental 
magnetic results. 

K i: V E H E N C’ D S 

Abragam, A., and Pryct*, M. H. L., 1951. Pmr. go//. Sor. A206, 17H. 

HatoH, C. A.. 19HJ1, Pror. Phjis. So<\ 83. 495, ^ 

Bates, r. A., Muore. VV. S., Standlev, K. J.^aiid Stjj^vens. K. W. IF., 1902, Pror. Ph^fi, 
^Soc., 79, 73. 

Bleanoy, B.. and Stevens, K. W. H., 1953, Ecf). ^m/. Phtfs., 16, 19S. 

Bleaney, B., and Bowers, K. D., 19.52, Pme. Pnt/^ Soc., A214. 451. 

Bose, A., Mitra, S., and Hai, K., 1905, huliitn »/. (In press). 

Bose, A., Phakravarty, A. S., nnd Phatterjee, R.,ll909. Pror. Rot/. Sor., A 255. 145. 
Bosts A., C^hatterjee, R., ami Kai. R. 1904, Proc.^Phifs. Sor,, 88. 959. 

Bose, A., Phakravarly, A. S. and (^hattc'rjets R.. |901(a) Pror. Hoif. Sor. A261. 43. 

-Do* 1901(b) Pror. Hot/. Sor. A261, 207. 

Bose, A. and ( 'luitO'r^ee, R. 1963 Pror. Phtfs. Sor, 82, 23. 

Bos (*5 a., Jaekson, Ji.P. and Rai, R. 1905, Indian J. Phif^. 39, 7. 

Bose*, A. and Rai, R. 1966, hidian J. Phys. 39, 176. 

(rill, N. S., and Nyholni, R. S., 1959, *J . Chrm. Sor., 2997. 

(roodgaine, D. M. L., and Potton, F. A., 1901, J. Atn. ('hrm. Sor., 88. 1101. 

(loiter, V. 4., 1932, Phtfs. Rrr., 42, 427. 

Stevens, K, VV. H.. 1953, Pror. Roff. Sor., .4219, 542. 

Van VIeek. J. H., 1932, Phytt. Rev. 41, 208. 

-Do- 1935, d. C/irm. Phys. 3. 807. 

Wolfsberg, M. and Helmholz, L., 1952, *1 . Chrm. Phys., 20, 837. 

Zverev. (1. M. and Prokhorov, zV. M., 1958, ./, tJ.rj>tL Thro. Phys. (U.S.S.R.) 34, 10 



39 

ABSORPTION OF 7.7 mm MICROWAVES BY SOLUTIONS 
OF SOME SUBSTITUTED NITROBENZENES IN 
DIFFERENT NON-POLAR SOLVENTS 

(Miss) B. STNHA, S. B. ROY and G. S. KASTHA 

Optics Depatitment. 

Indian Ash(m'tatton for the (-o^ttvation of Sciencje, 

(■alcittta-325. 

{Received Mdjj 11, 1965) 


ABSTRACT. Tho abHorpt ion of 7.7 nun miorowiivon by «omc subatitutod nitrobon* 
zoiUM in Holiitinna \i\ (M.I 4 , /?*hexano and paraffin at difforemt temperatures has Ikmmi 

invest ariH the r-values for th<» various polar oompounds have been detei mined. It 

tT’ 

has been found that while the values of - in all the eases do not remain eouslant and in- 

V 


T T 

eroiise with increase of temperature, the values of (where y is the ratio of the molar h(‘ats 

of activation for dicloc^trie relaxation and vihcoua fltiw) for each of the com])(.m^ds in sdu- 
tions in diffcaent solvents are found to be constants. From these results, it has been con- 
cluded tliat Y)'> may be taken to be a measure of internal friction. 


I N T H O 1) V trn O N 


In deriving the relation r — 


kT 


between the time of relaxation (t) 


"at a (certain temperature (T), the internal viscosity and the radius of the rotat- 
ing dipole (</), Debye assumed that the moment of the frictional force acting on 
the rotating dipoh^ is proportional to its angular vohxuty and the constant of pro- 
portionality f is given by f = 8 The values of cahuilated from the 

experimentally obs(?rved t- values in many cases differ widely from the dimension 
of the rotor obtained from the ehemical bond data. This difference is attributed 
to (1) non-sphcricity of most of the polar molecules, (2) the inadequacy of the 
macroscopic viscosity (rj) as a measure of the internal friction and (3) non-appli- 
cability of the hydrodynamic model of uniform fluid to the solutions possessing 
macroscopic structure. Fischer (1939, 1949) used the Perrin's (1934) modification 
of the Debye relation in the ease of ellipsoidal molecules and a coefficient of internal 
friction const, rj to calculate the r-values for some polar molecules from 

the dimensions of the molecules and found some agreement with the experimental 
values of the time of relaxation for these compound in solution in a certain non- 
polar solvent at a fixed temperature. The agreement is, however, lost wdien the 
solvent is changed (Whiffen, 1960; Ease, 1963), Wirtz and his co-workers 


m 
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(I9.53a. b) obtained an expression for f in case of solutions of splierieal polar mole- 
cules in solvents composed of spherical molecales in terms of the maeros<!opie 
visooBity of the soliitionB and the ratio of the radii of the two types of niok^eules. 
Hill (1954) derived an expression for ^ whie|i depended in a eoinplic'atcMl way 
on the maeroseopie vis(U)sities of the solvents, tile solute and the solution and also 
on the various parameters of the solvent an^ solute mole(‘ules. Hase (1953) 

proposed an eiiipiricial relation a/ exp ( , where \\ and \\, res- 

peetively an^ the volumes of the molecailes of |he solvent and the solute and A 
is a constant. However, none of the above |nentione<l authors liave (explicitly 
studied the eompatihility of the new expressiolis for j wdii(‘,h tlu^y us(‘ with the 
constancy in the values of rTj^ at different; temperatures. Recently, (Sinha 
et al., 1964) from a study of the temperature dependence of r-vahu* of nitrobenzene^ 
and metanitrotolueno in dilute solutions in medicinal j)araffin, it has been siigg<\sted 
that (wditu*(‘ y is the ratio of the molar activation energies for dielectric relaxa- 
tion and viscous flow ) may be a measure of the internal friction. In order to test 
the general validity of this suggestion and also to find out how tlie times of relaxa- 
tion are related to the macroscopic viscosity, the present invi^stigation on th(‘ 
measurement of dielectric loss in dilute solutions of somc^ substituted nitroben- 
zenes in different non- polar solvents having high as well as low macroscopic visco- 
sity at different temperatures w^as undertaken in the frequency region of llS.HKMc/s. 
The results obtained are discussed in this paper. 


E X P E K I M E N T A J. 

All the substituted nitrobenzenes (o-, m- and p-nitro toluene, o-, m- and p- 
(‘hloronitrobenzenes, 2,5-dichloronitrobonzone and l-CI-2,4-dinitrobenzeiie) studied 
in th(' present investigation wore of chemically pure quality. The li(juid 
compounds were fractionally distilled and the proper fractions were dried by 
usual method while the solid (jompounds were purified by repeated crystallisations. 
The solvents used were CCI4, w-hexane and meilicinal paraffin. The dried 

solvents showed negligible loss in the frequency region investigated. The experi- 
mental arrangements and the method of calculation of loss tangent (tan S) w'cri^ 
the same as described in an earlier paper (Bhattacharyya et al,, 1964). 


RESULTS AND DISCUSSION 

The values of times of relaxation (r) for the various compounds in solutions 
ill different solvents and at different temperatures (T) have been calculated from 
the experimental tan S values with the help of the Debye equation for dilute 
solutions, 

e 
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wIicTo the variouH symbols have their usual significance. The valiu's of the dipole 
liioments (//) of the different polar compounds and the dielectric constant (e') 
of the Hoivt'iits ha\ (‘ Immui taken from the standard literature. The calculated 
values of t togetlu^r with the values of temperature (7^) and loss tangent (tan d) 
ar(' given in Tables I IX. 

Tlu‘ values of molar heats of activation aiul AH-^ for dielectric relaxation 
and viscous flow r<‘spt‘ctively (Kyring ef aL. 1941) have been determined from the 
plots of log (7V) and log // against 1/T as usual. Some of the graphs are shown in 
Fig., la. lb and Ic. 



Fig. la. Plots of logio (tT) vs \ jT 

Oiirvo (/) Solution of ort.hoohloroni<robc*n/.oiu‘ in 

(\irve (n) Solution of orthochloronitrobenzene in H(5. 
(Hirvp {Hi) SoUn K)n of orthochlorouitrobenzene in 



Fig, lb. Plots of logic (tT) vs l/T. 

Curve {i) Solution of metanitrotoiuene in CCI4 
Curve (w) Solution of metanitrotoiuene" in CeHc 
Curve (Hi) Solution of metanitrotoiuene in C6H14 
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Fig. Ic. Plots of logio (r^) vs IjT 

IJurvo (i) Solution of mol anit rololuoiio in modifiiiaj parttttiii 

Ourvc (ii) Solution of ort hocliloronit robonzono in tnodiciiinl pnrallin. 


The- value of A//^. for a particular compound in a given solv(‘-nt togcdlier with 
the value of for the Holvtuit are given at the foot of the table for tJie particailar 
compound. 


It can be seen from the Tables that the r-values for a given compound at any 
temperature in different Kolvents. inerease in the order TCcl^ > TOy//,,,'- for 


all the nitrobenzenes. From the* Debye relation r -= it is (wident tliat 

CCCI 4 > ^Calio > CCiiHxi. Hinee the macroscopic viscosities of the solvcuits increase^ 
in the same order viz ffCCh > ^|CQn^^> it may reasonably be concluded 

that ^ is functionally dependcait on //. However, tiiis dependence is not a linear one 
tT 

because the values of — for the different compounds in solutions in thc^ vanoiis 
V 


solvents do not remain constant but increase witJi incu’cast^ 
decrease in the value of viscosity. W(‘- may, therefore, ])ut 

C r7^ 

tuting this value in tlie relation t — 


of tcunperaturc' or 
f Sidisti- 

J const, and 
2A 


tiierefore —0. This equation in conjunction with the relations du(5 

dTl</>(7i)] 

to Eyring et al (1941). 


T = 4. . cAHt 

T 


( 1 ) 


71 = eAHfl/iir 


(2) 
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0.73K Cal/mole AHt = 0.97K Oal'mole. AH 7 = 0.90K Cal/mole. 

2.44K Cal/mole. AH, = 2.53K Cal, /mole. AH, = 1.84K Cal, /mole. 



TABLE IT 

m-Chloronitrobenzene 
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= 2.44KCai;mole. 



TABLE III 
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TABLE IV 
o-Nitrotoiuene 
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AHr = 0.78K Cal/mole. AH 7 = 0.79K Cal/mole. AHt = 0.78K Cal/mole. 

AH, = 2.44K Cal/mole. AH, = 2,53K CalWe. AH, = 1.84K Cal/mole. 



TABLE VI 
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AH, = 2.44K Cal/mole. AH, = 2.53K Cal 'mole. AH, = 1.84K Cal/mole. 



TABLE VII 

2. 5-dichloronitrobenzf‘ne 
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1.67K Cal/mole, AH^, = 1.17K Cal/mole. = 1 .o7K Cal/mole. 

2.44K Cal mole. AH, = 2.o3K Cal/mole. AH , = 1.84K Cal'molei 
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TABLE VTTT 

l-ChU)f(), 2, 4-(liiiitrobonzene 


Sol. 

in ecu (9.97 X lO'S niole/cc) 

Sol. in 

( I.25X IO-« 

niolo/co) 

TOR 

tan. 8 
X 10» 

T X 1012 r . 1’ 

Sec -^r 

T K 

tan 3 
A lO-'i 

r ' MM 2 
Soc. 


277 

7.0 

33.4 17.70 

276 

9.0 

30 . 7 

I 7 . 7 S 

2S8 

7.9 

28.0 17. 88 

286 

10. 0 

20 . 8 

17.74 

295 

8.5 

2r>.i( 17.78 

2«4 

.11 .5 

24.0 

17.77 

304 

9.3 

22.0 17.37 

2«7 

12.1 

22 2 

17.74 

313 

9.7 

2U . !» 17. 74 

306 

13.4 

1 9 . 0 

1 7 . 32 

321 

10,1 

l!).4 IS.O.') 

315 

14.3 

17.7 

17.08 

332 

11 .1 

iO.9 17.50 

323 

15.3 

15.7 

17.45 

34.7 

1 1.7 

15.1 IS. 13 

335 

10 2 

14.1 

17.78 


AUt - 

1.58K (Vil/rnolo. 

2.44K (7il/inolc. 

Allr 

AH, 

-- 1 .K5K ( ’al/niolr 

2.53K 



TABLE IX 

',i% Solution in Paraffin 


Moinnil rotoluont^ 


( ) rl hoi'UUiron i t lobenzono 

T .T , 

- - X 1 ' 

tor 

ta-ri S 

X lU-i 

TX lOl:! 
Sec 

lOT 

T K 

tan 5 

X 103 

T X MM2 

S<*<' 

303 . 

25.8 

38.4 

27.09 

304. 

38.5 

19.8 

7.40 

313 

28.4 

33 . 0 

27.72 

313 

42.4 

J7.2 

7.81 

321 

30.3 

30.7 

28.08 

323 

40.9 

14,8 

8.04 

333 

33.3 

20.8 

28.20 

333 

51 .9 

12.7 

8 , 00 

343 

35.9 

24.0 

28.32 

343 

56.4 

1 1 .0 

8.07 

353 

38.5 

21 .0 

28.04 

353 

61 .4 

9.4 

7.79 


AHr - 1.83K Oal/molo. 2.66K Cal/mulc. 

= 0.33K Cal/m«)lc. AH,; =». 0.33K Ciil/fnole. 


34 ) 


{Miss) B. Sinha, 8, B. Boy and 0- 8. Kastha 


yields 


<!> ^ v 


whore 


MIt 


In (equation (2) the factor B is assumed to be independent of temperature within 
th(> range under investigation. 


Integration of this ecjuation gives <f>{7j) = Dtj^ v hore D is a constant. Thus 
‘ tj and since f has the dimension of erg. sec. and 7j that of 
poise it is seen that Djr/^ must have the dimension of a volume (L^). 


It is (wident that I) contains a fa<ttor which has the same dimension as that 
of and anotJier factor having the dinu'nsion of volume. So J) may be written 
as I) = wIkto C and Vo constants for a a particular compound in a 

particular solvent. C has the dimension of volurm^ and a/o is in poise so that 



is a pure fraction. 


Tims ? - Dll'* = ,) = '2tKT. and 


tT 


2K 


>lo 


l-T 


(3) 


The above equation shov^ s that should be a constant for a given polar 

.solut(? in solution in a given noii-polar solvent for all temperatures. Actually, 

tT 

it is found from the Tables that the values of .y are constants whicli arl^ 

different in different cases. The values of C and can not be determined at 

C • w 

present hut if y — I, it is seen that r ^ which has the same form as the 


usual expression for r viz t — • 7/, For other values of y if j 

(j 

put e(|ual to r can be written in the form r == 2 ^ * Tiint* 'This 


1-7 

• // is 
expression 


for at once shows why the value of the constant in Fischer’s assumption 
=== const. has to be different for different solvents. From these consi- 
deration it may be concluded that rf^ may be taken to be a measure of inter- 
nal frictions as has been suggested earlier (Sinha et al, 1964), But it should 
lie noted that the value of y in the latter case is different from that in the 
present case. 
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PRINCIPAL SUSCEPTIBILITIES OF EU+++ION IN THE 
CRYSTAL OF EU2(S04)38H20 AT LOW 
TEMPERATURES 

D. NKOGY* AND A. MOOKHERJT 

Pbyrk’s Laboratory, 

The University, Httrdwan. 

(Reccit^ed Mny 6 , 1965 ) 

ABSTRACT. J’ rinoipal magnetic* mi«c*eptibiIitios of Eu2(S()4 )38H gU siriglo (‘lystals 
luiv(* bcHMi moaanrod from .'UK*' K to 85‘'K. It is observed that the magnetic anisotropy is 
. 1 6 at. 309 K uiiich iiiereaaea to .66 at 85‘'K. A (|ualitative exjdanation of some of the 
salient magnetic projierties have been attempted on the assumption of a eiystal field of 
tetragonal symmetry acting on the I0nlt^+ ion. 

r N T K U D U U T J ( ) N 

The magnetic behaviour of Kii"' '+ ion is (juite distinct from the rest of the 
rare earth ions. The only otlier ion which occupies a similar position isSm^"^^' 
ion. The ground state for Eu+^ ^ ion is ’F,,. The separations of the nearest two 
levels, J --- 1 and J — 2 from the lowest state J — 0 are 340 cm’^ and 1000 cm-"^ 
respt'.ctively; as a n^sult unlike other ions the multiplet intervals are comparable 
to in tins case. Hence the concentrations of the electrons in higher J-states 
at ordinary temperatun' will not be negligible . Thus the susceptibility for this 
ion should be calculated for the low-lying levels individually and their statisti(;al 
average taken. Th(' relative* population of these levels will depend upon tem- 
j)erature and lumee the effective variation of susceptibility will be a complicated 
one. 

The multiplet intervals being close the interactions among different states 
will b(‘ quite large* and hence the second eirder Zeeman terms will have a major 
contribution to make fe>r this iein. Lape)rte (1928) showed that without this term 
the effective magnetic moment for Eu++^' iem is only 1.7 instead of 3,53 at 300°K 
as calculated by Van Vleck and Frank (1929). This portion of susceptibility does 
ne)t elepenel on temperature and hence there will be wide departure from Curie 
Law. 

Frank (1935) has discussed theoretically the magnetic behavior of Eu++‘^ 
ion in the crystal of Eu 2 (S 04 ) 38 H 20 under the influence of a crystal field. She 

♦Now at Kumerljngh and Onnes Laboratory, Lieden, 
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finds that a (^rysial field of enhic; symnieiry eoiild <'X])lain tlu* moan offootive 
moment values as observed by Selwood (llKbS) anrl that the rhombic fi(*Id had very 
little effect on tlie mean monuait. 

Tt must be pointed out here that owing to the averaging out, the effi'ct of the 
noncubie part of the fi(dd is not so very oonapieuous with crystal powder values. 
It is the measurement with single crystals whi<^i can reveal the noncubie field c'ffect 
precisely. Hence we have measured the p^inci])al magnetic susceptibilities of 
single crystals of Eu2(804)38H20 from to The results are <liscussed 

in the light of a crystal field of tetragonal Symmetry. 


EXPERT M N 'r A L 

Europium sulphate was prepared from a spectroscopic ])ur(‘ variety of Euro- 
j)itim oxide supjdied by Johrij^on and Mathey Oo., l^ondon. Tlu^ crystals w(*re 
grown out of an acpieous solution by slow evaporation at room tcunperature. 

The magnetic anisotropy and the absolute susceptibility at room temperature 
wore measured res])ectively by the well-known method of Ivrishnan and Banerji 
(1935) and by a microbalance as devised by Neogy and Lai (1962). 

Low temperature measurements were carried out following thc‘ j>ro(^edun^ of 
Krishnan et nl (1939). Tlu* temj)erature within tlu'^ experimental tube was held 
constant at any desired vahu^ by the hel]) of a liejuid bath typ(‘. of cryostat (Bose 
ft al 1963). 


K K S X7 L T S 

The (crystal is monoclinic. Xg represents the gram molecular susceptibility 
along 7/ crystallugrapiiic axis, whik^ greater of the two in the (016) plane is denoted 
by X4 and* th<» smaller by 0 is the angle which X.^-axis makw with ‘a’ axis. 
The unit adopted is 10 « (kG.S.E.M.U. The mean effective Bohr magruaon 
number 2 p is ^MTKINIP where p - aiul K - K n f-2Xx/3. The 

results are collected in Table 1. 

D I S < ‘ U S S 1 O N 


a) Magnetic anisotropy in relation to crystal strveture 

X-ray studios (Zachariastin 1935) show that tlu- crystal is monochnui in tlio 
space group with eight paramagnetic complexes in the unit cell ol the crystal. 
Out of these eight, four are oriented parallel to tlie other four and shifted t(» a 
glide plane. The four units in any set are related amongst themselves by a two- 
fold axis ‘b’ and a plane of reflexion (010). Thus magnetically there will be two 
inequivalent complexes per unit cell. This is in agreement with the PMR findings 
of Bogle and Heine (1954) on Gd^CSOJ^SH^O single crystals which is isomorphoiis 

with Euj(S 04)38 Hj 0. 
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reasonable as (lei)enfi8 on tlio shape of the unit cell and atomic position 
coordinates; hut nothing can be said conclusively till regorous theoretical cal- 
eulntions are undertaken. 
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SCATTERING OF ELECTROMAGNETIC 
WAVES BY Pl|aSMA 

R. M. KHAN AND 11 P. KHAN 
* 

Dkpartment of rnl|r8ics 
Japavpuh Univb|stty 

CALCUTTA-Si^ 

(lieceived June 7, a 965) 

ABSTRACT. In thiK [lapor wo have IreatodfUie oaso of ivfivctkm and ve fraction of 
plane eladfcroraagnotio wave by plasinn in an appliel magnetic ficOd. Tlu^ conijjunoul of tlio 
magiH^iic field porjiondiculaj* to the plane of ineideude in tlie redected wave i)rovidcvs an cany 
meuriH of analysing the physical foaturo.s of Die plasma. 

INTRODUCTION 

The physical characteristics of a homogeneous plasma can l)o detenuined 
in various ways. Wo propose a simple way which utilises the anisotropic behavioiu 
of plasma under an applied niagnetit* field. The external magnetite field thus 
as if removes the flegoneraoy. The various miiu’o-effects are howtwei not taken 
M^parately but their net effect is considered macroscopically. Tims the whole of 
the uniform plasma behaves like an anisotropic medium under the externally 
appUed magnetic field. Tlie co-efficients of anisotropy are dejHmdent on the 
physical characteristics of the plasma. Thus the experimental determination of 
the field components of scattorwl electromagnetic fields from sucli a plasma will 
go to determine souu» oi its internal details. 

TIIH I’LANK WAVES 

Consider a somiinflnite homogeneous plasma. We choose our co-ordiuates 
in such a way that 

5J = 0 is the plasma boundary, 

2! > 0 is plasma region, 
jZ < 0 is vacuum. 

Let us suppose that there is an imposed external homogeneous magnetic fi*.'ld 
H paraUel to the ^-direction. Under these effeumstanees the plasma rcgii u may 
bo approximated as an anisotropic medium of dielectric tensor e where 

r~ei e* 0 

e = j e Cg 0 

-.0 fi 63 . 
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... ( 1 ) 
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Wo now consider tlie propagation of a plane electromagnetic wave towards the 
plasma region where it will suffer reflection and refraction. The case when the 
incident wave will have the niagneti(j field perpendicular to the plane of incidence 
may bo taken to discuss the situation. Calling the incident plane to be the x—z 
plants we have 


H incident = ^ ■~c~) 

- ■ >— > 

H reflected = ^ ^ j 

and H' refracted = ^ * vj / 

W refracted i ^3 ^ ' 


... ( 2 ) 

... (3) 

... (4) 

... (5) 


where % = sin Oi cos t+sin ()( sin J+cos Oi k. (i, j, k are the unit vectors) 
c and V are the velocities of wave propagation in vacuum and plasma. 


F I E L D COMPONENTS 


For the incident wave putting Bq = Bj and 0q = 0 = the angle of incidence 
and ^3 = 0 by <;hoice, we obviously find from the continuity conditions of tlie 
magnetic field 


0,^0, <l>i=^0 and 

c 

... ( 6 ) 

also 


B-^rB^ = i? 2 +i ?3 

... (7) 

cos 0 = — 6 ^ cos 

... ( 8 ) 

(.\ sin 6 C 2 sin 6 ^ 2 + sin ^3 

... (9) 

Wo have cq^lled Bi and the components of Bi in the incident plane 
dicular to that plane respectively. 

and perpen- 

The electric displacement vector D will have its normal component conti- 
nuons because of (7). We have the electric field vector 

-^± E-\nxH] - 

... (iO) 
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Tho continuity of tangential (Mmipoiioiits of Id leads to 
B cos cos 0 = ^1^ ^ ••• U 

Vq T 


and 


C^ — ~- (a7?g<io8^2-|-«2^^8)4- ^ (aiSj c|s 


... {1-2) 


Where 


"ai a* 0" 
a ^2 0 


L.0 0 . J 

we have further from Maxwell’s equations. I 


^ Og ~ a7?2 cos 02+«2^'2 

^^3 ^3 = cos ^ 3 +^ 2 ^^ 

c- 

JBg = cos^^g+a^Cg ^2+%-^2 Bin®^2 

C“ 


(13) 
. (14) 
. (16) 


’i® B ^ cos* (i^-\-a*(\ cos sin* 0^ ... (16) 

The six quantities «,• and r'j can be obtained from the seven equations (7), (8), 
(0), (11), (12), (13) and (14) in terms of the incident intensity B. Equations (13) 
and (!.')) lead to th<! same equation as equations (14) and (16), e.g. 

{l-|-(ffli-«3)sin*(9} J _{ffl, 4 .a 2 f(a,rt. 2 -a^,,-fKi*)sin*<?} ...(17) 

which really determine the two velocities inside the plasma, and Wg and these 
along with equation (6) give the angle of refractions 0^ and 6^. From ( 17) we obtain 

z= [ffi|+ff2+(aitt2— agUs— oa*) sin*^ ± -\/({ai4-“*-l-(«i«*~®8®3~'*®*) 

sin* ^}*— 4(ai«2— ®a*){l+(ar-a8) ^})]/2{l+(«i-«3)8i«® d} ... (18) 

From equations (7) - (14) we get 

0 

.*> = r-^a^e.) [ -i ( T -“■ ) 


-tan 6 


) 

sih0| / 
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-i sin ((9-[-^,) / — tan _^L_ ] 

a\ c2 V ' r- 2/ ^ j 

-a* tan 0 (“'‘(^+^ 3 ) _ 

I Sin Oe^ Sin Oti J J 


... ( 19 ) 


+«*ton»| "‘".'"t"** - 11 - « 

I Sin 0. sm ^3 J J 


We perticularly focus our attention to the reflected wave, since it will bo outside 
the plasma and can bo easily measured. 

When the anisotropy will be small as is usually the case in the plasma under 
consideration we may make first order approximations and equations (18), (19) 
and (20) give ^ 

Va = c|l~i (^-|-^) sin20+ I xj ... (21) 

>h = |l — ? 1 /-I- (»/+«y) sin® (9 - i X j ... ( 22 ) 


B-^ = — ^Tf sec® (7+ tan® 0 sin® /7| 


(23) 




-B 


COS 0 


where 1*"^+^ ^ H 

e = e l-f-iy 0 

L 0 0 i-«. 

fjt S, e are first order small quantities and 


... (24) 


X = ^{(7+^)* 0-f 4e€* cos* 5) 
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MEASUREMENTS 

If the plasma be kept without any applicid field, no anisotropy occurs and 
in (24) is necessary zero. Applying a magnetic field, sending a ixdarized wide 
beam and subsequently measuring (\ with a Auned coil (measuring the induced 
voltage) one can verify the result (24) and alsoket | k | . The waves should not bo 
near grazing incidencip as then (24) will not h^d. This | c | is 

i 

I 

M((0j|,*-w2)| 

A plot of (26) or even the induced voltage iifthe coil against the frequency will 
have peaking at wj. Also the values of (w^ -ij^.*) | e |’ near tOj,’s will give the values 
of In the strict sense however one can njpt take e to be given by (24) at the 
poles rather one should use (20). The expretijions of n* and Wj, being**’ 

0** = «*e**/*”t 

% ~ ••• ( 2 ^) 

The determinations of theses give the values of the ionized masses and the 
fraction ionized, tlie state of ionization. 

R E F R R R N E 


Astrora 1951, Arliv fur rhynlc. 2. 
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VARIATION OF THE RELAXATION TIME AND THE MOLAR 
FREE ENERGY OF ACTIVATION WITH THE C-AXIS SPACING 
(rfooi)OF SOME COMPLEXES OF BENTONITE 
SABITA GHOSH 

Khatka Laboratory of Physics, 

University College of Science, Calcutta. 

{Received May 10 , 1965 ) 

Plate — II 

The clay mineral montmorillonite (commonly calle<l bentonite) displays 
an expansion in c-axis spacing deponing on size and the charge of the exchange- 
able cations (Barshad, 1950) and the adsorbed water molecules (Grim, 1963) 
between the negatively charged silicate layers. The extent of expansion depends 
on the interaction between the binding force, w'hich acts from layer to layer through 
the interlayer cations, and the expansion force created by the adsorption of the 
water molecules on the interlayer surfaces (Jonas, el (d 1960). 

In the present note, it is reported how the dielectric properties vary with 
the c-axis expansion in different complexes of bentonite brought about by the 
cation exchange process. To observe the variation in the c-axis spacing (d„i) the 
powdered raw sample (England) was sieved through a 200-mesh screen and brought 
in suspension in water. The complexes of the mineral with Li+, Na+, K+, 
Mg*+, Ca*+ and Ba*+ -ions were made by percolating the suspension through 
different columns of the cation exchange resin (IR 120, Amberlite) previously 
converted into the desirable cation forms. All the samples were dried under same 
relative humidity and the X-ray photographs were taken with OuKa radiation 
(using Ni-filter) in a Bebye-Scherrer camera of radius 9.966 cm. One such photo- 
graph is shown in Mg. 1. 
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PLATE~I1 



Fig. 1. -X-ray Photograph for Mg. Complex 
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The loss-taiigent (tan 8) and the dielectric constant (e') of the above clay- 
complexes were measured at 30®C with the help/ of a Q-meter within the range of 
frequencies from 100 Kc/soc to 4 Mc/sec folio viing the same method as adopted 
previously by the author (Ghosh, 1962). The repxation times (t) for these samples 
were then determined from the frequency oijmaximum absorption and hence 
the values of molar free energy of activation fo| dipole relaxation were calculated 


from the formula, 


1 

T 


h 


exp 


RT 


whei^ is the molar free energy of 


activation and the other symbols have their sual significance. The values of 
relaxation time for Li, Na, K, Mg, Ca and| i- complexes are 6.10 X 10~’ sec., 
7.53 X 10""^ sec., 1 .03 X 10~'^ sec., 1.05 x lO"*® 8o<j 4.8rx 10~^ sck*., 6.10 X 10“’ soc. 
and 7.53 X 10“’ sec. respectively. 



Hadius of Cation (A) 

Fig. 2. Variation of daoT and AO* with cationic radius. 


The observed variations of the c-axis spacing (djoi) activation energy 
{^0*) with the radius of the cations is shown in Pig. 2 for monovalent and divalent 
cation complexes , and can be understood in the following manner : Since the 
molar free energy of activation is found to increase with the catiomc radii, it 
can be said that the binding with the two siUcate layers is stronger for the larger 
cations and for more polarizable ones in these cases. This is consistent with 
the observation that there is a gradual decrease in c-axis spacing with the eationm 
radii in the case of monovalent and cUvalent cations except for Ca*+-ion. This 
decrease of spacing indicates that the binding force, acting tlirough the charged 
material between the siHcate layers, gradually increases with the radius of 
cations. In case of Ca-complex (having larger spacing than Mg-complex) the 
increase in activation enwgy may be due to the fact that Ca*+ is more polanzable 
than which inorcases the activation energy. 
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A significant feature is to bo noted from Fig. 2. Considering the valencies 
of tlio cations liaving nearly the same size, viz., (Mg*+, Li+), (Ca*+, Na+), (Ba*+, 
K+) etc., it can i)e seen that the activation energy for the divalent cation is less 
than that for monovalent cation for each of the Sepairs. This indicates lowering 
of binding between the silicate layers in case of divalent cations. This lowering 
of binding energy is evidently due to the increase of spacing by the greater adsorp- 
tion of water molecules between the silicate layers for divalent cation-complex. 

My sincere thanks are duo to Professor S. R. Khastgir, under whose guidance 
the present work was carried out. 
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BOOK R£VftW 

OAU<!B0 SDN— rG. G&mow, oet, McMillan and Do., Lotulon, 

This vewion of Gamow’s older look is welcome not only as another 

ftopnlar fneeentation of a vast mass of modeniscientific facts relating to stars in 
SSMcal and the son in partioolar, to which thJauthor’s own contribution is consi* 
demlde, but also as an outstanding pisee of litosture which one expects from the 
pen of Gariiow. Perusing the explanwry expositions of themany basio 
prfnmpies ommected with the solar theories a ^Munan may have mme or twice the 
feehng of going astxay in tiie maze. But Gaww pulls him right back at the 
lis^t SUHsent with not much of a jerk and setiliim again on the road to the goal. 

It is hardly necessary to go into the mem of a book coming from Gamow 
but drawbacks should be pointed out to pq^ent the layman from stumbling 
and looking asklnce. For example, an obvitils oversight on page 58 in joining 
together lithhun and flnorine and giving litiumli hydrate as the progeny will tickle 
Gie.ohemical geneticists. Takh^ the next few Ibee about the manner of formation 
(tf water frmn hydro^n and oxygen in the (^ntext of the ionic mechanism of 
combination of lithium and fluorine given in the preceding lines, may lead to 
admonitive headidiahes from thfe same quartern. 

On page 126, a layman capected a little more in the way of mi explanation 
<id the paradox of a>partioles tunnelling in and out through the potential hiU, 
instead of simply referiing to Quantum Mechanics, as the solver the paradox. 

On page 151, 5tb and flth hne the statement on ordinate and abscissa is likely 
to ooUfiise a layman, with his usual knowledge of graphic representahlon. 

It is indeed very satuflyii^ that amongst the riuning galaxy of astrophysicists 
tS the world at least Ihtee of my countrymen are givwi prominent positionB in 
hi Gamowb book, l^ut I wish that on pages 147 and 176 the obvious iypogra|4uo 
ftiiitptSing of the name of Prof> Heg^mad ilaha be ooneoted. 

> A> Mm 
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BILITY AND ANISOTROPY IN CoSlF,, 6H,0 

A. Bose, L. C. Jackson and B. Rai 

Vol. 99 No. 1, January, 1966 

Page 11 oqn. (8) fourth line from the bottom— 

instead of 2(3ojOj— «R||6 s^5-1-6866) 

read : a — a- ( 80 s® 5 “?*II^A+M 6 )* 

» 8 ~"» 

Page 11 eqn. (8) fifth line from the bottom 

instead of 2(3— a* h) 
read ; 2(3— a<e|,)* 

Page 13 eqn. (11) 

instead of ffii = 2{2aK||(a*— c*)+3a*+&*+c*} 

= 2{— \/56ca'Ki 4-2VS«c+26*} 
read : gu = 2{«it||(Oi*-Ci»)+3ai*+V-«i®} 

jij. as 2{-\/36iCia'Ki +2\/5oiCi+26i*} 

LIGAND FIELD THEORY OF SUSCEPTIBILITY AND 

anisotropy in trigonally distorted 

Fe*+ COMPLEXES 

A., Bose AND R. Rai 
Vol. 39, No. 4, April 1966 

Page 179 eqn. (6) 

instead of: = i[{A-<M||)+{(A+a«ii)+8«'««i*}*] 

read ^ i [<A-«aii)+{(A+«tf||)*+8a'*«i*}*] 

Page 182 eqn. (14) fourth apd fifth l&es from the bottom- 

instead of : 2||2(ij — j 

read ; 2 6a ) 

?aee l:$8 ( 18 ) first lihw from the top-- 

inat^ qf .i 4 a< \^6aa^2«*6ji)— 
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Page 11 eqn. (8) fourth line from the bottom— 
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read ; 2(3 — okh)* 

Page 13 eqn. (11) 

instead of ; ffii — 2{2aK||(o® c*)+3o®+6*+c*} 
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Page 179 eqn. (6) 
instead of: E, - 
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» V5(6^r‘2o9<^)-*^ (666^-2 ««o>)+ 


read ; 
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Page no 

line 

16 

March Issue 1906. 

road (1025b. 1026b, 1927) 

inst^ead of 1926b), 26b, 27) 

Ill 

M 

33 

readx+SX4> } 


„ „ X+3X/) 

114 

9P 

16 

delete ‘to’ after 

kps 



last lino 

read verified J 

1 

t 

instead of verified 


„ 117 line 9 

11 

„ 118 6 

(denominator) 
line 17 

„ 119 lines 10 and 11 

line 1 1 

.. 121 „ 13 

122 20 

21 

„ 124 11 

„ 125 „ 21 

„ 26 

„ 126 foot note 

„ 127 „ 12 

„ 21 

22 

(denominator) 
line 28 

128 „ 1 

„ 37 

Pages 120 & 

130 „ 20 

Page 130 „ 19 

Page 130 footnote 
„ 181 line 26 

132 „ 11 


read Ig 
read = 


ft 91 laf 

ft 99 ffl! 


read A# » •• 

read ( ..!•(( 

inscat an asteris k* ifter] 
read} instead of ( ' 

and delete) near+|dj — d'a)y 

¥ 

read 0^ ' instead of 

read 6 X 49 ** »» 

delete ‘short’ 

read ^ as a subscript to (8^ IP') 
read wax instead of was 

read icg »» >* 

road (1926b) ,, .. (1982 

delete {and) 


(1902b) 


read (8'IP')f • 

read (S7P')80“ » ('S'l’') 80 » 

read (/S/P)32* ” ” (® /l’)30’ 

read equality » » quality 

delete aaterik* after (30) 

read xo inatead of xt 

inaert small at the end 

read .015 » •• 8 -I® 

raiao'ratio falls* to the beginning of the previous line. 

readAi' instead of AV 
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MAGNETIC STUDIES OF SINGLE CRYSTALS CONTAIN- 
ING TETRAHEDRALLY CO-ORDINATED Cu"+, Ni-+ 
AND Co'+ IONS BETWEEN 300"K AND 90"K; 

A. BOSK, S. MTTUA and R. RAI 

Department of Maonktism, Indian Association fok the (Um/hvatjon of Science, 

.) ADAVPUR, ('aL(TTTTA-32 

{Received, Aufjv'^f 28 , 1965 ) 

ABSTRACT. The jidjiot* lh{> moasiucTiKMiiB <»ri tlio suif^lo crvstiilH of tlio suits 

of lotraliedmlly oo-onlinutod (ki-+, Xi 2 + and (V)-H lojis in NiBr 4 and 

OoCsg OI 5 ms|)(M‘1iv(0y hotw(-(‘n .SOO'K and 90'dv. Tho iOijirovod mol hods of moasiiroraonts 
(»f miipnotif anisotropy nntl moan susoojitilnlHy havo btuai dosordiod in short Tlio rosulls 
have boon oxpLonod on tlje basis of rofimsl li^oind Held 1 lioonos ol ( hoso ions dovolopod 
reooiitly by Hoso ct a/ (1955), lakiiiL^ tbo help of tbo optical and parama.irnotio rosonamo 
studios. It has boon sliown that llio oxporimontal rosults oa.n not bo full,> o\])lainod on tho 
basis of f lio mxorsion of Si ark pal tom ahino but ba\o to bo roiusidoiod a.^iainst tbo liack- 
m*ound of prowuit Kdinod tlKMU’H's \\lnch lako inlo oonsidorul ion tbo ooniij?umlional intorao- 
tion, o\<iTla]j of tlio lij^and mid m«*tal obaigo clouds and tlu‘ variation of Iho crystalline 
oloclric field with temporal uro 


I N T H O D r i^T 1 0 N 

Magnetic anisotropy and susco])tihility of oetaliedrally co-ordiiiatt^d ionic 
(^oin])loxes of iron group of salts liavc' l)(‘('n vpi) extensively studied in our labora- 
tory and (dscwluM’e (Krislinan cl al I03S, Mookfunji, 1145, Bos(^ 1147, 

U)48; Gului, 1951, Jackson, 1927) to elucidate the various aspects of erystalliiie 
electric field theory. But viay little vork seems to havo bi‘en done on tho 
tetrahedrally iNi-oidiiiated salts (except GolKlJ^ and C 0 CS 3 OI 5 , Krislinan and 
Mookherji, MKIS; Boso, 1948) altlioiigh tbeir studies are sure to prove equally 
instructive. In tho rocont years a large mmiber of such salts of Ni“‘' and 
Co 2 -i ions has been prepared and studied by X-ray and otheT ])liysico-chcmical 

niofhods. 

It is woU known tliat in the similarly co-ordinated salts of the transition 
group the cubic ligand field Stark patterns for tho ions Avith d” and d- ^ " coniigura- 
tions are inverted with respect to the re<aproeally related ions witl\ d® and d 
configurations (Van Vleck, 1!)32; Gortvr, 1932). The sanio kind of inversion 
again takes place from an octahedrally to a tetrahedrally (a.-ordinatod salt of the 
same ion, and in tho latter ease tho <.verall eubic! suseoptibility and anisotropy 
behaviours of the tetrahedrally eo-ordinated salts may he very diffensnt from tho 
octahedral salts of the same i.m and resemble to some extent the octahedral salts 
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of tlic^ recij)ro(*ally rc^latofl ions. A study of these properties, especially of the aiii- 
sf>troi)y and its variation with temperatures provides very sensitive indications of 
the details of sueli behaviours aiifl throws more light upon their causes. 

In view of the above', we have undertaken detailed experimental iiivestigation 
of the. magnetic anisotroy)y and susc^eptibility of thrt'e tt'trahedrally co-ordinated 
compJt‘xes of Ni“^ and Co2+ in the singh' crystals GUCS2CI4, [(C2H5)4N]2 

|NiBr4] and CoCvS^Clij respectively, Ix'twoen 30CK and 9()°K. The details of tlw' 
methods of measurements have been published earlier (Bose ei al, 1963; Dutta 
Roy 196S). Mo only i\ siuiimary of the methods is given here. The details 
of processing tlu' exper imental data for fitting tht' recent ther)ries of the anisotropic 
tetraluKlrally co-ordinat(rl ions ( Bose et al, 1965) are given and the results of 
sucli fittings are discussed. 

K X J> E n T M E N T A L T E (U1 N T Q U E S OK M A ONE T I C 
M E A S U R E M E N T S 

(a) Aniftotropij 

The apparatus for nurisuring t he magiudic anisotropy of single crystals of the 
salts, consists of a circular 10 cm. diameter vernier torsion head reading rotations 
accurately to 0. 1 Thi' crystal specinum with any desircxl orientation at th(^ center 
of homogeneous magnetic held, is atta(*hed with '‘Peligotn' or purt' aliellac cement 
to the loww end of a thin j)yrex glass rod aboul 1 2 cm length and 0.5 mm. diameter, 
which is in its turn is susjiended from tlie torsion head with a fine cpiartz fibre of 
about tlu' same length and 0.01 mm diamt(»r. A lioxagonal set of small mirrors 
is attaclied to thc> up])er end of the glass rod showing above the cTyostat chamber. 
The image of an illuminated scale from one or other of the mirrors (;an always 
be obf-ervcid as the crystal is rotates I and gives the orientation of the crystal in 
the held accurately. Tlu‘ laystal is mounte<l to the hbrt' system removed outside 
the cryostat, wdth a known plane or axis horizontal or vortical as tlu' case may be, 
with the help of a two circle' goniometer and then rejilaced in proper position 
inside the crystal, mountcHl hi'tween the pok's of a strong (le(‘,troniagnot. The 
magnetic held required is about 1000-3000 oorstefls, produ(!ed between the plane 
parallel rectangular pole pieces (10 cm. X 15 cm) of the electromagnet, energised 
by current (2 to 3 amj)s.) from a D.O, 220 volt 15 KW stabilized generator. 

When the magnoti(i hdd is switched on, the crystal in general, tends to set 
with its maximum susceptibility direction in the horizontal plane along the held, 
and any torsion prcnluced thereby in the hbre is released by turning the torsion 
head. In this position there is no cuple acting on tht' crystal and no rotation 
on switching on or off the magnetic held, as observed very accurately by the mirror 
and scale arrangement. With the magnetic held off, the torsion head is rotated 
to bring the crystal at 46° to the above ‘zero couple position’. Now the crystal 
will experience the maximum couple due to the hold. The position of the light 
spot on the scale and the reading of the torsion head is very carefully noted and 
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the magnetic field is switched on. TJie crystal is strongly deflecttHi but is slowlv 
brtjubht back to its (»riginal position by rotating the torsion head, as can bo (;ho(*k(Hl 
by the return of the light spot. If cl be the angle in degi’iuvs tlirougli wliich ilu' 
torsion head is rotated from 4o jjosition of tla^ crystal, the torsion constant of 
the fibre, H the magnetic fi(^1d, M and rri the molecular \N (‘ight and mass of the 
crystal respectively, then the gm. mole<*ular magnetic anisotropy Ay in the hori- 
zontal plane of the crystal is giv^en by 






( 1 ) 


The superiority of the above method (Dntta Roy, J95S) over that of Krislinan and 
BanerjfH^ (193(>) is cpiitt^ obvious. TJie pn'simt on(^ biung a null method, the ox- 
poriinontal conditions can be maintained constant witli a mucli greater precisiem, 
and tlio large uncertain c(»rrection factin* for small angles of rotation of the Jiead 
(less than 300^), witli small anisotrojnes of tlu‘ cry'stals or large' torsion ('.onstant 
of the fibres, in the (^arlier nu^hod is avoided. 

The accurate d(‘t(*rminations of H, (* (‘tc. have bec^n flealt at length by Datta 
(1954) and Dutta Roy (1958). The fii'ld is further ch(‘.cked by a ]jroton nisonance 
inetiT recently built h(M(‘ ((ilhosli et u/ 1994). Corrections foi tlie shaj)e aniso- 
tropies r)f crystals arc> made with the lielj) of ejnpiri(‘a1Iy obtaiiK^l data by Majnm- 
dar (1962). Small <Tystals are ac curately wtn'ghod upto 19*®gms with a Mtdtler 
miiTobalance. Use of dust fret' Hiid air-(*ondition('d (chambers and otluu standard 
procedures for crystal preparation, crystal idc»ntifi (nations polarographic check 
and ac(;urate suspension of thci (‘rystals with thi' h(4p of a goniometer, <4c., have 
been discusstKl in details by Datta (1954). 

In the case of small paramagnetic anisoirojues of rrystals a diamagru'tic ani- 
sotropy corretdion needs to bt* ntadt^ to a sufficiently good approximation from tlie 
measurements of anisotr(»})ies of isomorpltous diamagiu'tic crystals using the 
method followed hy Krislinan vt (d (1936) in the crystalline anisotropies themstdves, 
or at a later stage wlieii ionic anisotropievs have been cahndated. 

For anisotropy moasurenu^nts at any dt'sirt'fl low tempei’ature in tlie rtirige 
300°K to 90‘^K, the automatic g<aK flow type cryostat of Bose (1917) was uscmI. 


(b) Mean Susceptibilitj/ 

The mean siiseeplibility was measurcMl with th(^ help of a very sensitive Ourie- 
balan(;(‘ but of robust (construction (Bose el al 1963). V(^rtical suspemsion of the 
balance beam being of moderately thick phosphor bronze strip, the deflectional 
sensitivity has to be increased several thousand times by using a balanced pair 
of photo-electric cells, conruM'ttHi across a galvanometc'>r and actuated by ex- 
tremely small differences of illumination on thc^ cells by a light spot, refiot^ted from 
a mirror attached at tlu> (centre of th(‘ horizontal balance beam. The sample is 
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Huspwiclwl Vertically from one arm of the l)eam with a torsionlm Bilk fibre in the 
(•(‘niriil j)art of a Siuksiiiith tyj)(> inhoinogonooiis horizontai iiiagnotio fiolcl, Avitli 
a small gradient at right angles to the field in the same plane (Dutta Roy, 1955). 

Ill th(^ central region, ^ sensibty constant ovn^r about 1 (urf* volume. The 

(crystal can freely turn round to have its iiiaxiniuin snsc^eptibility axis in the 
horisontal ])lane along tli(^ field, and at tlie same time move bodily along the 
gradient. Th(‘ effect of anisotro])y of sliape upon the rotation is elmiinated by 
cutting th(i crystal in a square or (\vljiulric*al sliapo about tlu^ vertical axis, whore 
necessary. The translational for(*(5 on the sample is balanced electrodynamically 
bytlie force (‘xertod on a small curn^nt Ix^aring coil of insulated cojipor wire, 
rigidly attached to tlio .same arm of tlie bciam, as the ( lystal, with a long thi(ik 
glass rod and plaecvl with tlu^ (*oil paralk'l to the Ih^ld, ( lose to the sample. Tn 
practice, the j)ot('ntial drop acToss fi- suitable sorit's of standard resistances for the 
requisite current in tb(^ c<nl (usually a few milliamperes) is numsured with a Leeds 
and Northruj) j>ot(‘ntioiuotcr v ith an acciiiacy of 0.1%. 

The sampk' is enclosed in a new typ(‘. ot liquid oxygen cryostat (Rose ft al, 
19(13) in wliicli any desired temperature betwec^i 40()^’K and ()5'^K may l)e kej)t 
automati(^ally (onstant within 0.01 "'K by isolating the experimental ehainber from 
the cooling refrigerant liquid, th(^ (‘xjuTimental ( liambcr Ixdng a mirronHl glass 
Dewar jacket the di^gree of vac'uum in wliich (^an be changiMl by an adjustable air 
leak in the eontinuous high vacaium pumping sysitnii. A small h(^at(U* is in(ior- 
porated within the (thambt^r sr> as to aeeuratc'ly balanee th(^ small lieat leakage 
across the vacuum interspace. The refrigerant liquid is itself kej)t in a wide 
moutheel narrow taileel Denvar in which the^ (experimental chamber is inserted. 
A constant volume aii* tliermometer inserted in the^ experimental chamber and 
(‘onnoctod with a inoreuiry contact magnetic re-lay operates the lu‘ator automatically. 

Thee ]uass susceptihilit 3 ^ ejf the sample at room temperature is (;aleulated from 
the expression 



iji whieih y’s an^ the mass susceptibilititvs of the samples along the field direction 
(mean value in case of powdered sample), c's the potential drops aeross a fixed 
resistance for the currents needed to balaiu'o the magnetic forties on tlm samples, 
ccjrrected for the force upon the suspension system (including empty containers 
in the case of powders), m^s their masses, />’s densities; s^TObols with and without 
the subscript refer to the standard (ciiroiuium potassium suljjhate alum, Dutta 
Roy, 1955) and the unknown samples respectively; is the volume susceptibi- 
lity of surrounding air. Then knowing by comparison the susceptibility of the 
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unknown sample at a convoniont reference tcm^wraturo (say, :UK)‘’K), tlve suscepti- 
T)ility value at any other tenijK'iaturc (T) can obtainiHl by the relation 


Xt — X ■ 





y • 3(»0) 


3(M) 

T 


)1 


( 3 ) 


where K is the volume susec'ptihility of the* crystal at y its volunio eoeffi- 

eiont of expansion. Suffixes T and 3(K) indicate valiu s for the samples at T°K 
and IlOO^K respootiv^ely. The measiinuiieuts liavc^ been taken at Ih"", 10° or even 
(‘loser tempt" rat lire inttM'vals wh("n necossiattHl hy a preliminary run to follow 
the temporatiire-suseoptibility t iirve elosc’tJy in a dtsirt^d rt‘gion. Since the rotmi 
temperature in different seasons and times of the day will vary sonu^tunt's hy more 
than 25°, it has h(‘en our jiraetict^ ti/ plot the valium of e. T against T, giving a 
very nearly linear estra-or intra])o]ation ntvir roopi temperatures to get tht^ atdual 
valu('*s at 3(X)°K for both tlu standard and unknown Mam])les. Th(^ values of 
Xi at different temperatunvs an^ thoi (‘aleulatod froni tht^ siiiooUhhI out vahussof 
e by grajihieal interjiolation at sJiort convenient intervals of t(uuperaturos. 

A similar nu^thod of intrapolatioii is also adopted to get tlio values of aniso- 
tro])y at tlu^ same set of tem])eraturos from a graph of a T against. T from nu^asuro- 
monts deseribt'd in the pr(wious section. 

Th(‘ gram moleenlar siisceptihilitu‘s (y^/) at any ttunpiTature arc corrected 
foT diamagnetism of t/lu'i molecule and the sipiare of th(‘ (‘ffeetiv^e gram ionic, nio- 
moments (pf) in BoJjr magneton are ealculaksl from 


Pf" 


N/P 




( 4 ) 


N, fiy k having the usual signific ances. 

The notations for [uincifial (‘rystalliiui tensors an^ the usual ones us(vl by 
magnetic workers. In the orthorhombic crystals the magnetic susceptibility 
axes eoncide with the crystallographic ax(‘S and y^ denote the suscepti- 

biliticiS along a, 6, c axes cimosjiondiiig to y* “ 1, 3 rf\spectively. In the case 

of crystals with uniaxial synuiK^try (o.g. kd.ragoaaJ, trigonal), yn and yi denot(^ 
the crystalline suscc^ptihilities ahuig and perpendicular to c, the (jrystallim^ symmetry 
axis, corr'esponding to ^ 1, 2, and || — 3. Ionic susccptihilitic^s on the simpli- 
fying assumption that tlie ions have approximates imiaxial symmetry are given by 
K\\ and along and jierpondicular to tlio ionie? symmetry axis corresponding 
to — X, y anel || z resiieetively. The^ method of calculation of K\\ and Ki 
using crystalline values are shown later 


(c) Preparation of the (Wystah : 

The single crystals of (Ju(?S 2 Cl 4 wore* grown from an aquous solution of CuClg 


' Tlio ViiluGM ot tlio phynical coiiHlants Imvo be^en taken train Dnmond and Cohen (1948), 
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and CsCI nilxo<l in equimoU'cailar proportions. The crystal generally grows in 
orangr colour in the form of elongated prisms along b axis. 

Green tetratdhylaininoniuni nickel lK>nni(lo crystals were prepared by slow 
evaporatjoii of an eqiiimoleeular absolute alehohol solution of nickel br<)midc^ and 
tetraethylannnoniinn bromide. 

The deep bhuj crystals of O0OS3OI5 wer(‘ prepared from an aquous solution 
of Coda and C^Cl in ajjpropriate (}uantity at room tt'juperature (about 

TJie n*ag(*nts used were of the extra pure (>r guarantwd reagent quality of 
Merck .a* B.D.H. 

STKIK’TUHAL DATA 

(a) Tlu* structural analysis of CuCs^Ci^ by Hehnholz and Kruh (1952) 
sliows that the ery\%tal belongs to tlie orthorhoinbi(‘ systfun (spa{*e group Pnma) 
vvdth following parameters 

(t 9.7 A 
h - 7.9 A 

c 12.35 A 

Each i(Hi is at the centre of a tetrahedron fornu'd by four 01 atoms at 
its vertices at an averages distance of 2.22 A from the Cu^* ion. The [OuOl^]'^' 
cluster is a tcntragonal sphenoid having a four fold inversion symmetry about 
one of the lint^ thr<uigh (!(mtral ion joinirig the middle points of two pairs 

of Cl atoms. This tetragonal symmetry axis is appreciably shorter in length 
than the other two such equal and mutually perpendicular bisectors lying in tli(‘ 
plane normal to the said axis. 

The unit cell of the crystal contains two pairs of the “magnetically inequi- 
valent” [CuCy^” clusters. From tlu? dttailwl X-ray data on the various atoms in 
the unit coll, it is possible to calculate the direction cosines of the tetragonal axes 
of one pair of the [Cu0l4P~ clusters with respec.t to a, h, c axes of the crystals 
which are : 

a ^ 0.59307 
y 0.80543 

The dire(ition coBinos of the tetragonal axes of the other pair of the rCuCl4]2 
cluster is same but with opposite signs. Since direction cosines occur as squares in 
the calculation of ionic susceptibilities, their signs do not matter. Wo shall need 
in the next section how these direction (josine values are utilized for the calcula- 
tion of ionic susceptibilities. 

(b) The X-ray studios by Peter Pauling (as quoted by Gill and Nyholm, 
of a series of isomorphous organometallic halides of Ni2+ like [(C2H5)4]2- 
NiBr4 indicate that the crystal belongs to the cubic system (apace group P2i/3) 
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with four molecules in the unit cell of dimension a . I5.r> A. The X-ray n^sults 
also j'how that the ion is totrahtxlrally iu>-ordinat(Ml with four halogens hinu- 
ing a trigonally distorted tctrahwlron round the Ni^^ ion. Tlic trigonal axis 
passes through the hah^gen at ()ru^ td the verticc's of llu‘ tt'tralicdroii and tlie central 
Ni2+ ion, and is normal to tlu^ base fornuHl by other tlin^e lialogciis. Evidently, 
this trigonal axis is a body diagonal of tlio unit cell. But tb«^ detailed r(*sults of 
tlie structure are not known since th(^ X-ray n^sults of Vector Taidiiig do not appear 
to have been published. However, mtk'C the crvfital is cubit* w'c* can only measure 
th(^ mean susec'ptibility ot the crystal and do not re(|uir(^ X-ray data foi- correlation 
W7th the ionic moan susceptibility. 

(e) The stnuitural analysis of by lN»\\(dl and Wells (19:15) revt'aU 

that in this salt the 0o‘^+ ion is tetraluHlrally co-ordinated with four chlorine atoms 
at an average distance t)f 2.34.\ from tlu^ ctuilral itui. The crystal belongs 

to the t(‘tragonal system (space grouf) with four molecules in th(‘ unit (;t*ll 

of dimensions 

a ~ 9.181 c - 14.471 

Th(' tetrahcMlron is slightly distorted along one of the ax(‘.s wdiich is a four fold 
inv(Tsion axis and pass(\s througli tlu^ midpoints oi two pairs of adjacimt clilorine 
atcmis and tlu' central Co“^ ion, Tlu*. tetragonal axes of th(^ four nu)leculc»s Ixung 
all parallel U) the V’ axis of the crystal, tlu* crystalline elli])soid coincides w ith the 
mcdocular elJipsfud and hence no structural para metiers are requirt'd to get thi5 
i ( mic su soepti 1 jilities . 

C A 1. (’ U L A TI ON O F IONIC 8 S t: I* T J H 1 L J T J E S J N 

<?llCS2( 'I4 

TJi{‘ ionic siisccptihilitics r>f (’iir^OI, liavi* been calculated following the 
mctluxl of Ghosh and Mitra (Ihtit). A short outline of the. jiiothiKl is givon helow 
The iliroction cosines of th(‘ three principal ionic snsceptihility tensors (A',, A'.^, A';,) 
with rcfspoct to an arbitrary orthogonal system (x, y,z) is given as 



'JT 

?/ 



OCi 

A 

7i 


^2 

A 

72 

A', 

a.q 


73 


If Xmar »nd XfAin roprostmt the maximuiu and mimruiuii susceptihilities in a given 
horizontal section of the i rystalline ellipsoid in which magnetic measurement is 
to be made, having Millerian indices (A, k, 1), then for n inequivalent ions in the 
unit cell,. 

Xm.. +Xmt» = A'l [i- i:{(ax'*C+AiV-t Ari?’;)}] 
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K.,\ I 
■L 




' I I 72^) I ‘■i(ocJ,Jv+c^27'M+/}272VO} ] 

n J 


(•’ 5 ) 


wlu'ro 1/. ? tho (liroftioii (umiiios of the iiorina-1 to tlie given (h, h, 1) plane 
relative to n\ ?/, and z. And, 


y -- I (A'. I I A-a) - 3 (K, \-K, \K.,)^K 

For Ou(-s^(1l4 wliieli is an orthorhombic crystal Avitli a uniaxial symmetry of tlio 
ion, .T, y and z an^ taken t«) (U)ineide with a, h and c axes of the crystal respectively, 
and 

~ /i i and — A^ii 

Hcmicc th(^ ecpiation (5) u'itli axis vertizal (for magncitie in measurement to lu^ 
iuad(‘ [dlO] plants) i’chIucos to (rj — I, ^ ^ 0) 

AvlAV- A'ii( 1--/?3")I A^(l |/?32) ,,, (fi) 


^ A’i|-f2A'x 
A 3 

whore is the direeti(»n cosine of the tetragonal axis t>f the ion with n\speet to 
7/ axis obtained fnnu X-ray measunmient and is, as wt^ (‘ahmlated earlier, equal 
to zero, (y^ I Xa) (hdt^rmiued froiu two anisotropy and tho mean susciqi- 

tibility mt*asim^jiu'iits by the metJuids described earlier (/vil~ /\\) and K may 
1)0 ohtaintHl from equation ((>). The same e(|uatioii also fh'ti^rminos iinicpiely 
whether (A || - K^) is positives or negative The data for the (‘Tystalhne aniso- 
trcqhes and mean suscjoptibilities at different temperatures are given in tlu^ 2nd, 
3rd and 4th (columns of the tabh' 1 and the ionic anisotropies an^ shown in eohnnii 
7-th. In th(^ abs(uic(^ of structural data at all temporatun^s, we have to assume 
that the direction cosine in equation ((>) nanains constant witJi temperature. Sinci^ 
the tetragonal axis of the ion lies in the (OlO) plane with /i — 0, sikjIi an 

assumption is justifii'd so long as this special symmetry is unchanged. 


S T A II K PATTERNS AND I N F O H- IVI A T IONS ON T HEM 
O B T A I N i: J> F R O M O P 1 C A L ABSORPTION STUDIES 
OF TETRAHED RALLY CO-ORDINATED COMPLEXES 

From what has been said earlier about the inversion of the Stark pattern for 
tetrahedral complexes, the ]3attorn under the predominant cubic part of tho crystal 
field in such Cu^** complexes will consist of an orbital doublet and a triplet 
witli the triplet lying lowest. The superirniiosed tetragonal component of the 
field w^ill break this triplet into a single Kramers spin doublet and a pair of coinci- 
dent doublets, separated by A cm“^ where A is tho anisotropic field splitting. 
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TABLE 1 

Cu(!s,Cl4 

Tomp. 



(Xc-X6)XlO'‘ 

(Xc "“Xa) ^ 10® 

X 10'* 

K„ « 10‘. 

ivi > 10<» (A"i, 

-A'i ) > 10® 

300 

341 

1.56 

1680 

2031 

1505 

526 

290 

351 

I6i 

1733 

20!) 1 

1552 

542 

280 

263 

167 

1790 

2161 

1601 

557 

270 

374 

173 

1853 

2237 

I66J 

576 

260 

385 

178 

1918 

2313 

1720 

5!);i 

250 

398 

184 

1989 

2401 

1783 

618 

240 

412 

190 

2068 

2495 

1851 

611 

230 

425 

196 

3ir>i 

2.5!)4 

1929 

665 

220 

443 

203 

2244 

270.3 

201. 5 

688 

210 

461 

210 

2345 

2817 

2109 

708 

200 

481 

218 

2420 

2945 

2211 

734 

190 

501 

22(> 

2578 

3085 

232.5 

760 

180 

525 

236 

2713 

3242 

2445 

797 

170 

549 

247 

2866 

3417 

2586 

831 

160 

587 

260 

3037 

3621 

2715 

876 

150 

607 

275 

3231 

3815 

2922 

923 

140 

038 

290 

3452 

3i03 

3127 

976 

130 

674 

308 

3709 

1 100 

3363 

1037 

120 

715 

330 

4007 

4718 

363(» 

1112 

no 

769 

352 

4361 

4HJH 

3633 

1185 

100 

811 

376 

4784 

5628 

4362 

1266 

90 

869 

101 

.5321 

6220 

4870 

1350 


TABLE 11 
^[(C,H5),NJ,NiBv, 


Tompoiuiiirtj 

'K 

300 5080 14 30 

200 0103 N 34 

280 0387 14 30 

270 6001 14 20 

260 084(> U 22 

240 7348 14 10 

230 7040 14 00 

220 7050 U 00 

210 8302 13.94 

200 8674 13 87 

190 9008 13 SI 

180 0536 13.72 

170 10223 13.00 

100 10639 13 61 

150 11809 13,54 

140 11009 13.33 

130 12777 13.28 

120 13096 13.28 

110 14758 12.98 

100 16010 12,80 

90 17368 12.49 


2 
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TABLE III 


K 


K,S < 10.. 

A'l, X luit 

Ki > 1().- 

X10« 

:m) 

052 

005)3 

0528 

8870 

052 

2m) 

00() 

0407 

0851 

0185 

066 

2K0 

OSO 

0732 

10102 

0502 

080 

270 

7IS 

10083 

10.502 

0844 

718 

2(i0 

750 

10481 

1 008 1 

10231 

7.50 

2.70 

700 

10875 

11402 

10012 

700 

2‘tO 

833 

11303 

1 1 858 

1 1025 

833 

230 

883 

11752 

12341 

I 1458 

883 

220 

037 

12235 

12800 

1 1 023 

037 

210 

OOS 

12704 

13.300 

12371 

908 

200 

1073 

13300 

14008 

120.35 

107.3 

100 

1154 

13047 

14710 

13.502 

11.54 

180 

1240 

140.34 

15401 

1 4221 

1240 

170 

1338 

1 5305 

10.322 

14085 

1.3.38 

100 

U18 

10208 

17233 

1,5785 

1448 

150 

1501 

17271 

1 8328 

10747 

1581 

1 to 

1737 

18 453 

I <)75S 

17841 

1737 

130 

1007 

10802 

21133 

10220 

1007 

120 

2080 

21421 

22H14 

20725 

2080 

110 

2337 

23155 

24713 

22370 

2337 

100 

2077 

15170 

20001 

24284 

2077 

00 

3245 

27807 

,30002 

20757 

3345 


Tho riMJcrit optical absorption studios of DuOsgCl^ at 77'^'K by Forguson (l!)64, 
soo Fig. 1 a) bav(5 rovcialtul that tliis anisot ro])i(: splitting is as high as 5(^)0 cni * 

and is coinparablo in inaguitudo with tlie <aibic hold s(‘j)aration which is 900<^ cni”^. 
Such a liigli anisotropiii fi(dd splitting appears to bo ratiuu* rare amongst the iron 
groiij) of salts. TJio polarised spectral studi(‘s of Lawson and Morrison (1961) 
also rov(ial sij(^Ji high magnitude of anisotr«>pio field separation in this salt. Jt 
is also ol)Sorv(Hl that the enbie field splitting is nearly 3/4 of 12300 cm“^, that 
obsorvc'd in octahedraj Cu-^^ complex in the hydrabxi halides (Breieh and Trommer, 
1937) instead of 4/9 as (*xpected from theory. As we shall presently see, there 
are enough indications to show that the magnetic behaviour of the Cu^+ ion in 
this case is quite different from what is to b(^ expected from the inversion of 
Stark pattern alone. Tlie niagnetie behaviour depends sensitively upon whether 
the singlet or the double^t component of the triplet lies lowest in the Stark 
pattern and hence decades whether A \^'ill be positive or m^gative. The spin-orbit 
coupling in Cu^^ is the highest in the iron group and considerable admixtures 
the various levels vdll take place under its action. 
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FREE ION + CCUBIC + TttRA iONAL FIELD) + SPIN-ORDIT COUPLING 


Fifi. 1(»i) Si-ark Patit'rn of Tolral null ally ( 'o-onJuiulod (Mi-’hon m ( Korgiisdii, 

(Kol (o Scitl(‘)* 

In tlie case of the Ni^ * tetrahodra] complex in tlic salt the prcMlominant c,ul)ic 
ligand field breaks np tiu. •''F ground sPitc of the fns- ion into tw. tripk^ts % 
and STj and a singlet »A„ arranged in ascen<ling order of eiu*rgy. The samll sujsu - 
poK«l trigonal eon.ponent of the field furtl.er splits up iW. lon'est triplet ^T. into 
a doublet (^Ej) and a singlet ®A„ s.'parated by A enr’, the anisotropic fiekl slut- 
ting. Which" of thc«se two (Mia, "b"'* ^ 

and is to be decided from tlic exiieriniental data, Tliesc levids will be fuitliei 
split up by the spin-orbit coujiling which will mix uj> the different states and new 
.stetos will bo obtaim-d. The Stark pattern of tliis complex is shown diagra- 
matieally in figure (lb). In the figure, th.' M' level is also sl.owu shme tins vvid 
give atlmixtural contributions to tin- ground state as also high frtHpiency type 
contributions. 

The optical alisoriition of an isoniorphous tetrahedral Ni^^^ salt in mull has 
been studied by Gill and Nyholm (lOrdI) and Gmalgan.e ct <d (lilfil) 

perature. They have observed bands round about I-*, IM)«) cm am i. • 

5^0 former is assigned te be duo te the transitiei. ^T.IF)-^ »Ti(P ^ ^ " 

3T(F)-.»A, This gives the euhii- field eoeffioiont (Dq) as nearly -^.IWIcm . 
ThI clibic field coefficient (Dq) for oi-tahmlrally co-..rdinaU,d 
Km cm-» IPrvce et nl, 1964). It has been shown by Jorgensen (l9ob) that a 
tkm in Dq of ~ 25% occurs while going from water to halogen ligands wit i le 
Te pa^magnetic 1. This indicates that in the pro^nt case Dq of fotrahedral 
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Ni“+ ion is aiiont 4/9th that of the octahedral one as expected from theory, after 
allt>win^» for tlu* retinctioii duo to cdilorino ligands. 

TT 

TTxy 



1(b) Plnorpy l^ovol Diap^ram for Ni-’+ion in Tetmhoclral Co-ordination. 

(Not Drawn to >Soale.) 

Tlie Stark jiattorn of tho totrahodral Co^+ ion in the cubic field will bo similar 
to that of oc tahedral Ni*^+ witli an orbital singlet lying lowest. The ground 
state of free Co^+ ion is split up by the pn^doininaiit cuibic field of the ligand tetra- 
hedron into an orbital singlet ('‘Ag) and two triplets and arranged in ascend- 
ing order of energy. In the superimposed tetragonal field, the above triplets 
break into a singlet fins a doublet to the extent of about 500 cm“^ (Bose et al, 
1965c). With the spin-orbit interaction included, the lowest level splits up 
into two Kramers doublet A\ith a separation of about 9 cm.~^ (Hall and Hayes, 
1960). The Stark pattern of tlie tetrahedral Co®+ ion is shown in figure (Ic). 

Cotton et al, (1961) have done extensive investigations of the spectra of 
[CoCl 4 ]^“ complexef^ in different solution and mulls. In the spectra of OoCsgCl^ 
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in hexachlorobiitano mull, wlii(^li may bo takoii to roprost'ut tlio sp(‘('tra of tlu* salt 
itftolf, band aro obsorvc^d nca>' 5580 cm-* and 14000 cm owinjL'- to tlio transitions 



FREE -f CUBIC + TETRAGONAL + L.S 
ION FIELD FIELD COUPLING 

Fir. !((•) EnoFRy Lovol DmRnim for 0o2» ion in Totraho(iral|(V»-oi(linj>1 loai. 

(Not to Scale ) 

^A 2 -->^T,(F) and '*A 2 -> ^Tj(P) n'sptM'livoly. Th(\v bavi^ also Ixnm able to rosolvo 
thesi' iiands into five' and four t oniixiiuuits rospcctivtOy. Tlu* valiu^ of Dq as 
found by (Cotton rf (d (lOOJ) is ,‘125 cm b It may Ix^ mtuitiontxl that tho T)(| for 
tJi(^ ootaliodral liydrattvl (N/-* comphwNs (l^^])])a^ardo. 1054) is n<‘arly OSOcnr* 
whicli is about 0/4 timos tho fornu'r whon a\o rcnu'julx'r tliat a reduction of l)(| 
by ~ 25% occurs uliilc goinj/ froju tlu^ water to ludogcn c.o-ordination (dorRcnson, 
1050). 

Since the cubic field scjiaration in tctraluMlral coniph^x is It'^ss than half that- 
of the (Xitahtxlral co-ordination in Die fornuT eas(’> tlu^ (4*ic‘ct ivf sim-oixI ordtx* per- 
turbation tcT-ms Ixx'onu'F ndativtdy mon* im]x>rtant IVIonxm^.r, in tlie tetrafu'dral 
case the absenct^ of a centre of symmetry may justify tlu^ rctiMition of (xhl <u'der 
harmonics in the ex])r(\ssion for IJk' li^^and field potimtial. As a consetjut'nct' 
configurational interaction IxdAVtxsi tlu^ 2d and 4p orbitals of tJie nndal ion arjs(\« 
and modifies the 2f/ wav^efunctions. TIk^ eff<x*t of configurational intora<;tion is 
to modify the orbital ovi'ila]) factors (k) and spin-orbit coiqiling coefficient (^) 
in the crystal. Hence the rixluction in k and ^ in tctraluslral case* is not only 
duo to the scrambling of th(‘ metal and ligand orbitals as in th(‘ octaluMlral (;ase, 
but also partly to the conligu rational int(*ra<ition though according to Low' (IfffiO) 
and Woakliem (1962) this latter part apjiears to be ratluir small in comparison to 
the former. It is also important to nott‘ that sucli rxxliu^tions are esoiitially ani- 
sotropic in (diaracter. 

Recently tho expressions for the magnetic anisotropy and susct)ptibility of 
these tetrahedrally co-ordinatiMl comjiloxes, of 0ll2^ m^+ and Co2+ ha\re been 
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deduc(‘(l in onr lal)(>rainry taking into account the special features of the present 
i-aso and fittcnl with the cx})erinunital values. Tht^ details of the theory arc under 
j)ul)lication (Boh(‘ c/ r//, IhOHa, 19()5(!)- present paper we give th(^ 

theoretical ("X[)ri'ssions of tlie susc(‘ptihilities and describe the trial and error method 
of cahadating tlu*. various phj^sical parajnct(Ts arising in the said theoretical 
expressions from the magnetic anisotropy and nu^an sust^optibility data given in 
an caTlMU’ sectiem, and cliecking them witli spe(dros(u>pic and paramagnetic reso- 
nance data wh(^r(W(T avaiJable. 


TKEOm^TTOAJ. EXPRESSIONS FOR THE IONIC 
S II S E P T 1 RT L I T r E S E O R T Ff E ^J’ E T K A li E J) R A L h Y 
CO-ORDINATED OiC+, Ni-H AND COMPLEXES 

(i) io'ti 

The expressions for the ionic, susceptibilitic^s of the tetrahedrally co-ordi- 
nat(‘d ion in (hiCsoCl 4 have b(‘en deduced by B(>se ei al (MFOba) following 

Tryce’s Spin Hamiltonian formalism (1950). The (^xpressi<ms are * 

_ 8iV/y^K'„2 ;v/y2 ^ 

K,, E, ' 4 k ' T 


K, 


- 2NIP 


^ -j JV/^2 


T 


( 7 ) 


wl:er(^ A"|| and K± ar(‘ the gram ionic Hiisct'])tibilities along and perpendicular to 
the tetragonal axis. The explicit exjinissions for tlu^ different parametral symbols 
are givi'n in tFn' theoretical paptw (Bose ef al, 1065a). It can be mentioned here 
tliat JS’s are the energy values (shown in tiie Fig. la) which involve the (;ubic 
fudd paranuder G and anisotropic li(dd parametcTs H and 1. Other jjhysical 
parameters involvinl in th(^ (expression are tht^ spectros(M)j)i(^ splitting factors G\\. 
G in the (Tvstal, orbital nnluction factors (k||, kj, ) and s])in— orbit tanipling reduc- 
tion factors (i?if, ), subscri])ts ||, rehn- to tlu^ cjuantities parallel and perpendi- 
cular to the tetragonal axis. The fac tor K]\ in this expression does not enter 
in the 2nd ordew terms with the S(|uare brackets but is involv^twl in th(» expres.sion 
for 


(ii) ion 

Th(^ (expression of mean sus(*eptibility wliich (tould only b(‘ measured in this 
case, has been deduced by Bose ti nl (1965b) on molecular orbital approximation. 
The expression is : 




l6B^k \ 

b I 
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I 'tod \ C 2 oc- hd)\- 


, NfT’^ ,.nH(c\ ^oc!k^ dr ‘ 

+-jj + 

■lcW(ak..-r2V I l(i{c--ka’lc dyx 


A’a -E, 




! 2) 




Th(i (explicit oxprossioiis for ilu^ (lifli^riMit jiaranu'toral sviiiholn in tlir al)o\’(.‘ (>\- 
])ressioii is given in tlu' thooiviic^al j)a])(‘r ( Boso vt al, ll)(;r>l)). It is si^'n from tliere 
iliat there arc five physiial jiaranicters in this vamy (A, /^„ Pj^ , (/ , wiien^ 
A is tlu‘ anisotropic fi(4(l c.o('ffi(a'(‘nt and Pn - aR\\^ _ a'Jt Qj ^ aki>, 

Qi. ~ ot kx i oc, oc being tJie Lando factors along and prTp(nidi(*nlar to tli(> KVJiini(‘try" 
axis of th(‘ ion. f is tlu^ free ion spin-orbil conjding ( ocfiiciont and Ri (/ || or |) 

are tb(‘ reduction factors associated w ith t he matrix elcnnenl for spin-orhit coupling. 
K||, K^, 7 ^ 11 , 77^ are as Indore the orbital reduction overla]> factors and spin 
orbit coupling reduction factors parallel and piuiHuuUcnlar to trigonal axis. 

(iii) ion 

The expressions tor tlu‘ ionic suscej>tilnliti(\s of tbe t(d.rah(*drally co-ordinatinl 
ion hav(' Insm dc(liiccd by Bose rf (d (llK)r>c)by sj)in Hamiltonian formalism. 
The ex})ressi(>ns tor A’n and iv^ arc gi\en below 

A|, -- SA//“a||A-|| 1 . ■>' '/II- 


jPoix ki “ 


T ‘ Itiil Z^*^ 


Here a\s are the inverse of energy differenci' and envoive the- usual fi(d<l jiaranicters, 
I)q, U and 1. The other paranudtas envoi ve<l in the (‘Xjinvssions already exjilaifUHl 
earlier are aird {i = || ami ^). 1) is tJie 'Zero-field sidifting’ ami gdi ^ || aud (l) 
are the spei trosc-opic splitting factors. The deta-ihxl expressions are given in 
the thooreti('al paper (Bo^:e el al, 19fi5e). 

C A L C IT L A T I () N 0 V T H K V J F Y S T (’- A L P A K A TVf K T E K S IN 
'r H E EXPRESSIONS F R T TT E S U S C E P T I El J.. I T 1 E S 
FROM EXPERIMENTAL DATA 

While fitting the experiniontal results already given with tlu^ thoon^tieal 
expressions in the (;ases vv'here an orbital singlet is lying low'cvst in tetrahedral 
Co2+ and Cu‘^+), w^o notice that there are sevtm adjustable parameters viz. Dq (or 
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(/), //, /, li\\. h\ , fii and . Thoon^tically all tli(iS(^ jiarainol-ors arc inclopondont; 
1}»(‘ n laliv (* vidu(*H of k\\ and < ?|| and ft dc‘})ondoi»t on tlio lower symnietrie field 
parainet(‘rs. II and 7, aJtJiongli they may not he explicitly expressible in terms of 
them; so that llua’c are, ('ffectively, only live mdepenchmt parameters. We can 
th(‘n d(‘(‘ide. nni(|iiely (]n‘ values of thes(‘ parameters by fitting ^\atli the moan sus- 
(‘(‘ptibility <lata alone for at most seven (tlieor(^ti(!ally liv(i) temperatures, if all 
tJu'se paranuders are assumed t-o nmiain (‘onstant with temperature. In this 
})articular cas(^. ue Juuu^ the anisotropy dat.a as well, lleiute a unique ohoic(‘. of 
tlu- j)arajn<d.(‘rs is always possible with at most hnir ])airs of anisotrtq)y and mean 
susce})libility <lata at lour tenqu'ratures ])r()\ ided the parameters do not vary 
with temp(‘.rature.. With this assumption liolding strictly valid, these values of 
tin* fiarametc'rs should b(' consistent not only wdth the'- mean susceptibility and 
anisotropy data at otluu* tiunpcu-atures but als(> wdth the, paramagnetic reonanee 
data and the fine struct uri* oydical alisorption data. 

In actual practi(*e, owing u> the complicatiMl nature of tlu^ (upiations, w"(‘, had 
to us(^ a trial and erroi method to tind the. values of tiu'i parameters and it beeanu^ 
immediately obvdous tliat no singh* sid- of parametcTS coulfl be consistemt wdth all 
the available data. IJoiK'e tlie (jonclusiou is that the giv^en set of jiarameters ob- 
tained for magiKddc data at. tin*. i‘e.(|uisite. iiujuIkt of ((‘mjxTatures can lu* a uni(iuo 
solution for data tlu‘S(‘. only at the giv^im tempendiires, ami lor no otluT data; 
so that the st‘.t of ])arame.t(‘rs cannot have mucli ])hysi(*al significanct^, and 
hence tlu^ assumption that th(‘V are indt'.pcmdtuit of t(un])(M*atur(^ is not valid. 
Finally, prof*eeded as follows to bring out jiropmdy the systiMuatic dis(‘re- 
jiancy in lilting the data Avith the theory In th(‘. cast*, of 0o‘‘^+ it is seen 
that tlui optical fine structure data of (lotton vl <d (191)1 ) are availabh^ only 
at room temperature wluMcas the paramagnetir r(*.Konanc(^ data of Bow(*rs 
and Ow'oji (1955) are for 9(f K. iSince the room Uauperatun^ magmatic anisotroj)y 
and susce])tibility data a,r(‘ idways takem as standard and also the energy 
levels of the o])tica1 absorption are of primaiy imj)ortan(*c‘ in tluxialculation of 
susceptibilities, we found out by exttmsive trial tin*, si^t of v"a)ue.s wliieh gave 
pra(*tically exact fit with the ex]>erimental mean susceptibility and anisotropy 
data at room temp(‘.rature, consistent w'ith optical absorption data. The^o 
data an^ enough to give a qunifpm solution of the parameters at room tem- 
perature only and will have a physical reality for this tom])eratur(\ In the case 
of Cu“+, sinc(‘ the //-value.s (Shamoff, 1904) and tine structun^ optical absorption 
data of Ferguson (1901) arc' available at 77"' Jv and arc not supposed to change 
appreciably at 9(f K, the*. luAvi'st tempcM*ature of our magnetic measurements, wo 
found out as above the set of parameters which gavci practically exact fit with 
exj)eriiuontal susctqjtibility and anisotro})y at this tem})orature, consistent with the 
paramagnoticj resonance and optic*al absorption data. If these sets of parameters 
for Co^+ and Cu2+ had been constant with temperature, then it could bo expected 
that tliey would give good fit AAutli the magnetic data at all other temperaturos. 
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But in both casos systematicj deviations are found to occur wiiich is especially 
prominent in anisotropy. Whilo fitting the expl^^illlellal data in the case of 
with the (expression of mean suscepti})ility (eq".8), wo notice that tlu^n'- are five 
adjustable parann^tt'rs (A, P\\,P^. wliosc valims <‘an be uni(|uely decided 

by flitting with the mean siiscc'ptibility data at five t(*niperatur<vs (tlieoretically 
three sinc(' the rtdative jriagnitudes of P\\. and (^|j, afe dt^peudaTit on A), if 
the paranK^ters are assumed to nmiain constant with tempera turi». However, in 
view of the large number of earlier (‘xjMTinuuital findings (bos(‘ cl (tl. U)hO. 

19(>16, 1964), it is very unhkc^ly that the anisotropic 6(^ld eoefticuent A should 
remain constant with tempiu’ature even if tlu^ otliers are assunuHl to be so a first 
approximation. But since W(' do not hav(' any amsotropy or irsonance data, w'e 
are not able to find the values of A at <lilTrt‘nt tenijieratun^s from mean susc'oj)- 
tibility ahjiUi, which ( onld only be measured for tliis cubic crystal. On 
attempting to fit the ex]>ernriental vahi(‘S on mean sns^ e[rti}>i1itv, it is found that 
no singlr^ s(^t of tfio abov^(^ parameters (-an bring tiu^ fitting within tlie limits of 
expcirimental error at all t(unperatur(',s Wlum the closest ayipioac h to on<^ valiu's 
at a given temperature is made ivith a givcui set of paranu\ters, tlu^ valutas at 
other temperatures show syst(‘.mati( ineivasing differeme^K Since thi^ room 
temporaturo expe'rinu ntal mean moiuemt is alwass treatcnl as standard, we 
found out tije set of values ol‘ the paranuiters which gave a ver\ close approach 
to it wdtiiin the limits of ejxfHuimeiital error.- with tJio caleuilatod mean value. 
TJie eiause^s of theses discrepaneies wdll he^ ehscusseMl m due (;ourse. 

D 1 S CV S S \ O NS 
(a) 

(i) Ermn Tvmpcraiurc Mcati Moment and Magentic Ani’Sotroj)!^ 

As w^e have se^en earlier, the nuignetie bediaviour of tetraliodrally oo-ordinatod 

ion should ho somewhat similar to tlie oejtaJiodrally c;o-ordmatee)d 

(3#) or other ( onsideratioiis are ideuitical. The mean moment of 

Cu2+ ion in is 2 92 (Table T) whereas for octahenlral Cu^+ in Cu(Nll4S04)2. 

GH./) it is 1.95 (Bose, 194S), })()th valuers being at 300 'K. The spin only vahm 
for the 2D state of ion is 1.73. Thus the orbital contributions in the casi^ of 
tetrahedral and octalunlral C-u^-i are about 16 and 13 pere^ents respectively. The 
mean magnetic moment of octahedral Fe^^i ion in Fo(^^H4&04)2.6H20 at 300 K 
is 5.66 (Bose, 1948) as against ilu'. spin only value of 4.S9, thus show ing an orbital 
contribution of the order 17 percent. Tt should he remembereMl that although 
the Stark pattern in both the totrahcflral Cii^ ^ and octahewlral Fe2^ shouhl bo similar 
with a triplet lying lowest, the actual magnetic behaviour in Cu(\Cl^ is rather 
different owing to three reasons. Firstly the spin-orbit coupling in Cu^Ms about 
eight times that in Fe^^ giving more admixture with upper levels. Secondly, 
the spin contribution to the mumont is about 3 times larger in Fi»2+ making the 
percentage orbital contribution appear smaller. Thirdly, as has boon mentioned 

3 
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(wirJic'r tJio optical absorption spoctra of fliiCH2Cl4 show that under tlie action of the 
total lij^ainl ficdrl tho lowest orbital with two fold Kramers s])in degonoraciy 

js .separat(‘d from the next higher level by 5000 eni-h On the other hand the axial 
li(*ld S(‘paration of tho lowest cubic triplet in (x tahedral is only 600 cm~‘ 

(Jh)se rt aU 1061). TJius although the spin-orbit (U)upling in tetrahedral 
is nearly eight times tiu‘ o<*taliedral Fo‘^+, and tlie (mbi(; field si'paration being com- 
parabl(3 (tho cul)ic field st4)aration in o<‘taheflral Fe“^ is about 103(K> cm“*; Droisch 
and Kallsch(^ner, 1044), the orbital contributions arc^ nearly (Kpial. In tho octa- 
hedral tho cubie fiehl spearation is about 1200(>cni"^ and tho tetragonal 

separation of tJie lower ‘rKni-magnetic’ orbital doublet is about 1000 cm“^. Orbi- 
tal ( (uitribution thus c(>m(*s only from the up]>e.r orbital triph't through spin-orbit 
cou])ling. It is then diflicult to undcu'stand Avhy the orbital contributions are 
appart^ntly about the same in tlu^ tw'o cases, unl(!ss it is assumed that a strong 
oovahuKjy l^flect r(^duccs the normally exptu*tod orliital contributions in tho tetra- 
hedral case. Again though octahedral TF-* ion is very similar to tetraiiedral Cu^+ 
in rosj)(x*t of orbital as well as spin dogeTiei*a(*y, the highiu* ionii*. charge and conse- 
(jjiKUit larger cubic separation 20,0(M1 cm ^ and nuicli smalhu* jiositive spin-orbit 
coupling gives nuu h smaller negative orbital contribution (about 5%) to the 
moment. 

We sliall next consider t Jio anisotrojiy of tlu' (/U^' ion It will b(' siuui from 
tiu' Table I that at IIOO'^K th(‘ ionic anisotrojiy and mean susci^ptiliilitv data for 
tht^ tetrahedral Ou^^ are • 

A^il-A'x - 526x10 « 

A = 1080x10 ® 

which show' that the anisotropy of the ion is (juite high, i e. 526/1680, nearly 50 
percent. The ionic anisotropy aiul nu^an susci^ptiliility of octahedrally co-ordi- 
nated Fe^+ ion in the salt F(^(NH4S04)2-6H.20 at 300"K (Bose, 1948) ani . 

A„-Kx - 4229xl0“« 


K =J2698xl0“« 

which indicate tliat tlu^ octahedral Ft'^‘ ion also shows a high anisotropy i.o. 
nearly 35 percent. Thus w^e observe that tho anisotropies of tetrahedral 
and octahedral Fe^t are of the same order. As we remarked at the beginning, 
all the considerations in tho tw^o casas are not identical. For example, as wo have 
seen earlier, the spin-orl>it coupling is nearly eight times in Cu-* the mean mag- 
netic moment is roughly three times less and anisotropic field itself is very large 
in Cu2+. So that the magnetic anisotropy should have been much more in tetra- 
he<lral Even betw^een the octahedral and tetrahedral Cu^*** where both these 

factors are the same, the latter should have a much larger anisotropy because of 
the inversion of tho doublet and triplet. But this is not found to be the case. 
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So it appears that the aTU8otro])ie, l)ehavioiirs hoi-e are nunv eoinplieatod than can 
be explained by a simple inversion of tlier levc^ls anil has to be eonsidered against, 
the background ol (*omplical(^d tlieoridieal exj)rossions involving a numbe.r of 
contributing factors. 

(ii) Vnrviiion of Ionic 3Iomctds with Teniprrotiur 

From the figure (2), v,v o])ser\e that the ionic moment j)erpendi(*ular to the 
tetragonal axis shows a smalliT tomj)eratiiro dependence and thi^ curve (A"^ -T) 
is almost a straight line with small sloj^e to tlii" tempi'rature axis, whereas th(‘ ionic 
moment along the parallel direetion shows a much largiM- tiMiiperature di^pendenite 
with a small curvature. This is reasonaldii since the orbital moment along the 



1 


perporidicnilar diioction is (iiioh. IkmI to a inu< h larfior oxU-nt than alons tlu* j.arallol 
diroction, the a.-tual valuw of i hangos of ionic inonicntrt in our temperature range 
being 9 and 3 percents resiieidiFoly. The eonespoixling changes in ionic moments 
along and perpendicular to tlic tetragonal axis in octalidral ion (Bose. 1948) 

are 43 and 2(1 percents respectively. Thus we oliserve tliat the variations in the 
ionic nionuuits in Cu(:s, 0 l 4 ion are very small in comparison to tlie octahedral Fe2+ 
ion. In octaliedral Cu2+ ion the temperature variation of the moment is also very 
small. These facts are consistent with tlic sjiectral rmdings that m nujOsaCli 
an orbital singlet lies lowe.st, vith a large sejiaration with the next liighr level. 


(iii) Variation of 'Anisotropic Moment' (Ak-T) vnth Temberature : 

The plot of (A’ll-A^x ). T against T (Fig. 3) for CuCsjCl^ shows that the 
(A'll— Ax ) T decreases vith temperature with a large curvature. The change 
in the values of ^hT between 3(Mi“K and 90“K is nearly 23 percent. A similar 
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])l()t for txitaliwlral Cu“+, say in 0 u(KS 04 ) 2 . SHjO (Boso et al, 1957) shows that 
tli(* curvo has a small s]o[m^ to the tein])erature axis and with smaller curvature. 


i 

X 

H 

H 

! 

W 


90 tIO 130 l&O 170 190 310 330 390 370 30 

Toinp<3mture 

Fig. li. V^nriation of (Kn — K l ). T with Tonnp(?ra1 uro in 

Tn the cast* of Cu(NJl 48 O 4 ) 2 * 0 H 2 O siicli cin vaiuro is very large and anomalous. 
Tho variation of Ak'T in tin* sanu* teni])(>raUm 3 range is ntiarly 0 percent. It 
is thus clear that tlio th(‘rmal heliaviour of the anisotroyiic luoineot in this as in 
in the (lu(NH 4 S 04 ) 2 ‘ 6 ll 20 is incoiivsistent with a tlieorv in which tho field and other 
paranu^tt^rs are constants with t(‘r)ij)oraturo. 

(iv) FUtimj of ike 31 ('an SuRCvplihiUtij and xhiifiolnypy Data with Detailed 
Theory ; 

Tho results of tlie fitting of the experiniejital data by tho trial and error 
method already de 8 crib(*.d in detailed, with the expressions of ionic suscepti- 
bilities an^ given in Tahiti IV. From tlie Talilo TV we find that in order to 
fit the experimental data between our temjierature range, tho orbital factors 
are reduced anisotropically to k,, — .81 and ~ .72 and the spin-orbit 
coupling coefficient along and jierpondicular to the tetragonal axis is reduced 
by 27 and lU) perents respectively from its frtn^ ion value of —829 cm“^. 
Thus it indicates a large anisotroyiic, (u)valency overlap between tho 3d orbital 
of tho ion and the .s- and p-orbitals of tho ligand chlorines. The values 
of tho second and fourth order tetragonal field parameters, ff and /, have 
been chosen consistently witJi the* other fi(*ld parameters as /I — 300 cm“^ 
and / — 240om“h It is also observed that tho fitting of tho mean suscep* 
tibility data at all temjioraturos is fairly closer, though a small systematic 
departure of about 0.5% above experimental errors (ibO. 2 %) is observed at 
higher temperatures. A good fit might iiave bexiu obtained with the mean 
susceptibility at all temperatures by adjusting the parameters slightly. But 
in view of what follows, this matters very little. The fitting of the anisotropy 
data at 90°K is well within experimental errors, as it should bo, but systematic 
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TABLE JV 

0 == 900 ciu-^ K|| =. 0.81 .K|| -- 0.73 

II ^ 300 cm-i ^ 0.72 Rj^ — 0.70 

1 — 240 cm'^ ^ —829 um~^ (frw^ ion ^"aluo) 

(1) Spectroscopic? energy levels 

T hoc )roti cal E x porimen tal 

(at 77"K) 

■^ 2 — 5100 cm ^ 5000 cm ^ 

8100 cm ^ 79(K)cm"^ 

E^~E^ 9300 cm-' 9050 oin-i 

(2) ^-values : 

Tlieoretical E xporimtmtal 

(at 77^K) 

6^11 - 2.410 G\ ^ 2.3S4i 0.001) 

(tjl 2.141 -= 2.083^:0.001 

~ 2.105 tiO.OOO 

(3) Magnetic? Su«c?eptibility and Anisotropy 



Evjj{*nme«ta] 


I'hoorof K'ul 


Temperalmv - - 

K 10<' 

Kx ) ' 10« 

K ^ 

Kx ) > 100 

300 

1080 

526 

1060 

405 

250 

1073 

618 

1898 

572 

200 

2420 

734 

2441 

689 

150 

3231 

934 

3222 

882 

90 

5321 

1350 

5352 

1347 


large departures are ohwrved as the temj)erature increases, so that at 300 ‘'K 
or near the disagrocinent between tlu? cak?iilated and experimental vaiiicvs is a})out 
7 percent. Attempts to adjust the parameters to refluce this departure in aniso- 
tropy c?au8od an increased misfit in moan susceptibility. Elaborate trial and error 
calculations show that no single set of parameters could fit all values of both 
anisotropies and m(?an suscjeptibilities at all tom])eratures and also remain consistent 
with optical and paramognetic? resonance data. The fitting shown in the Table 
IV is the closest, with the set of parameters given in round numbers. The 
reason of this discrepancy is as follows. Wo have assumed all the parameters to 
remain constant with temperature. But there are experimental findings to suggest 
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that at least tlie anis()tr(»i)ie field parameters do vary with t<imperaturo, often 
(Boh(‘ it (tl, lUOO, lOCilb, 1U64). Th(' largo cloviatiou of our 

a])iKotroi>v i‘urv(‘ in(‘Tiii<)ii(‘,d ahovo indif-atos tho same. A consideration of the 
variation of tin* al>ov(‘. li<‘ld parainetors may load to a bettiT Htting of tho suscopti- 
bility an<l anisotro]>y data at all tcnnpcTatnros, but tluai if botli H and /, the 
iFide]K‘nd(‘iit anisoptrojut* fic^ld paraiuob'rs an*, assumed to eliange with temp(^ra- 
luro, oil! sot of mean sus(*e])ti])ilitv and anisotro])v data would not be enougli 
to giv(* uni(]ue solution of their vahuis at diff(a*(*.nt temperatur(*,s. R(‘.lative values 
of ^|[, Is ^ and /^ii. Rj^ are dep(‘.ndent ojj ]J and T tliough not oxplitdtly and tiocmI 
not be eonsider(‘d as varying indejMUidently. For this j)iirpos(^ iiiorc^ detailed 
data on optical ahsorpthui or paramagnetic resonance at different teinporatun's 
would be. iK'cessary Tn our present (‘alculations since* we would not consiiler 
such variations in 11 and T, it is to be (‘.xpect(‘.d tliat tlu*. fixed set of parametiTS 
list'd should not be aide to give, a unitjue fitting ^\ith tht* moan sustteptibilitios ami 
anisot7*()j)ics at all t(mi])eratur('s, consistent witli thi^ ojitical fim^ structure mid 
resonance <lata. The. v<*ry ])(‘r(‘i‘piible discrejiancy in the fitting of tJic. magiudit* 
anisotropy (‘an b(‘. tluai ast'rilied to a large extent to tho tempt'rature dt'.jxuidenct*. 
of tho paranmterr IJ and I and tlu* eoncommitant dcptuidanct' td’ k\\, Kj, R>\, 
• Tliere is anotlu'i* jioint to bt* txuisidt'nul. While (*alculating tlu* ionic aniso- 
tropms at diffcTent ttunperaturt's, w(* have used tin* dirt^ction cosint's and assumtsl 
it to be constant with fiun])(Tatun‘ b(‘'*ause in calculating {K\\-~Ki ) we have 
used only the direction (tosino of 7v|| against b axis, // ~ 0, wliich is not lik(dy to 
change because*, of tln^ xxM'uliarity of symnudry r(‘i|uirement in tin* arrang(*ment 
of Ihi*. Cu-’" ions in tlie unit cell. This may not be cpiiti' (‘orriu.t and ])resent devia- 
tion betweim th(^ calcnlatcxl and ex^ierimental anisotropy data may bo jiartly du(^ 
to this neglet fn any case*, such a vaiialion of tlu^ direction .•osine with tin*, tom- 
]K‘ratur(* may b(*. inln'n'ntly (*onne<*ted with changes in the anisotropic coefficients 
since that would change tin*, xiacking in the unit eell and <!ause an induced distor- 
tion in the primary Jalin-Tellor Cluster (Cudl^)^ (Van Vloc, 1939) Sim^e tlie 
dirix tion (osines and fu'.ld iiarameters ay)pear indejxmdently, it is not possible in 
the abs(*nee. of low' tem])(^ratnre X-ray data to calculate*, the effect of tlmse changes 
of one upeui the othe*.r. The ayiparent (*hanges in tln^ ani.sotro])ie fields are ob- 
viously brought about by anisotrojiie; IheTinal expansion of the lattiio wdiich would 
not only ediango oriontations and distances of tho ligand (‘harges but also changes 
tlie elircx'tion cosines referred to. Moreove'r, tlm syiin -lattices relaxation process 
acting through tho ligand fie'.lds, and responsible for kee^ping the eepiilibrium of the^ 
syiiii orientation energy wdth tlie lattice vibrational and rotational energy may 
cliange consideu’ahly with tomjierature* and might etause an appreciable change in 
Jahn-Tellor anisotropy cffe^ct. It has been assumed here that tho cubic field and 
tho convale.ney overlap are irulopendont of temjieratiiro. Though this ife not 
striiigtly correct, the effects of these arc perhaps very much smaller than the effect 
of thermal changes of the anisotropic field upon the magnetic anisotropy. 
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(v) Fitting of the Poromagnetic Resonance Data : 

Tlxo siialy of this crysitil lias lu't'ii (lon(‘ vor> nx'tMitiy 

by Sharijoff (1964). Moasurciiu^iitK woro carried out at 77 K. Thon.i,di tli(‘ unit 
cell of this (rystal (‘ontaiiis two pairs oj inagnetiealJy ine(|uivfiliait iotis, tiu* [> ni.r. 
speetnim coiishts of a sin^^le hiu^ f(»r all orientatutns of the crystal in tlie i‘xt(‘rnal 
magnetic field. The pi’esciiee of oiu‘ line in the p.in.r. sjxs’trum has hiuai ascrihcKl 
to the i‘.xchangt‘ interaction w'liich (‘ou])li\s tJi(‘ spins of t.lu‘ paramagnetic ions. 
Tn ordia* to (‘onfirm this and to obtain c()iTe(*t princi])al ionic f/^-\ ahu‘s. he studunl 
('uOs^("l^ diluted with isoniorphous and obtaiiuvl two liiu^s. 

Tlu‘ exjierniK'ntal prjnci]jal ionic f/.vahus at 77^'K and theonitieal valu(‘s 
( alciilated with our choice of parameters at htf'Jx an' giviai biiow foi’ (‘oniparison 

( ■alculated ltlxj»erinH‘ntaI 

- 2.419 L>..TS -1 .09(i 

f/jL -- 2.141 - 2.9S [ .096 

U.’;, i.Kl.-) I. .00(5 

The. p.ni.r. s[)ectruui indicates tluit the (Outij)" elusUa’ is really orthoiiiombit* 
though as is apjamuit from tlie above values CD and tiie. departure from ti4ra- 
gonahty is lather small so as to justify our tetragonal approximation. It is also 
(‘vidiMit tliat th(‘ mean of and t'/.j about 2.093 is somiwviiat iliffermit from our 
(D ~ 2.141 and f?j( -2,41 from (f\ 2 3S. Th(‘S(‘ are t.o bf‘ »^\[)(icted sinci^ 

(1) th(‘ temperatures of measuixmients f(U' th(*. two sets ar<‘ soimuNiiat diffenuit, 

(2) the. mix(Ml salt used to gid propiw n*.solution of ji.m r. sjxa tra thougli isomor- 
j)hous \\ itli the jiun^ salt should hav(' a])preciably diffeTimt anisotropic ligand iiiJds 

(3) and for the nelson note-il in [)r(?vious section namely that- our tiioice set of llu! 
parameU'Ts is to somi' <‘xtent d(‘})(aident (Ui the. errors in spectroscopic fim‘ structure 
flata, until full (*onsid(‘ration of their t(uup(‘.rature. variation has Ihmmi allowe.d 
for (4) the dinu tion cosine data. us('d in magmit-ic n^suKs was calculabwl for room 
temptM’atur(».. Ilowt‘.ver, tlie fairly dose, agreement serves as a check for our rt‘.sult 
and limiting the labour in the trial and (‘rror calculation, hy giving at once-tlu*. 
orders of magnitudes of ilu‘ ]>arauu‘t.(ns to start with. 

(iv") Fitting of the Fmr struchire C)j>lical Absorption Data : 

As lias been already discaissod thougli the aliovo choKie. of parameters II 
and T near \)(V K is not (xuuiiaiible w ith magiudie rlata at all tempeiaturtvs, tliese 
are (jnite consistent with the line structure optiiail ahsorption data of Kerrguson 
(1964) at low tiunpcraturc. The table IV shows that the agnumie-nt Indween th(^ 
(talculaied and observed valm^s of the. ojuu-gy hovels are not (piite pm-foet. This 
may be just owing to rounding off of the vuihu\-' of JI and I in magnetii* calculations. 
It is also to bii noted tliat a small actual diffenaici* may (‘.xist between the separa- 
tions of the> levels at tlio tem])erature of observation 77''K ami at our tcmipcTaturc 
of magnetic fitting 90° AT. 
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(h) 

(i) Mifui and lU Variation with Temperature : 

As havo roniarkcMl (iarlier tlio magnetic behaviour of tctrahedrally co- 
ordinatc'd salts should bo somow'hat similar to the octahedrally co-ordinated 
('o-^ salts, slu)wiiig a Iiigh anisotropy, high orbital contribution to the magneth; 
moment and larger d(‘viation from (kirio law. Unfortunately the present crystal 
luung of cubic class, wo could not study the magnetic anisotropy directly. How- 
(‘vor a s(*rutiny of its nu*>an iiujiuont may provide some information in this respect 
through tin*, higher order teniis involving tlio anisotropic sjdittings. The offoctivo 
moan moment (pf) of this ion in [(U2H5)4NJ2 [NiBr4| at IlOO^K is 8.79 as against 
8.17 of (xdoJiodralJy co-ordinat(^d Ni^^ ion in Ki(KSO4)2*0H.2O (Bose, 1948) . The 
sf)in only value f(»r tlie “F grouml state of Ni^^ ion is 2 tS8. The- /jy value for octa- 
liodrally c(j-ordinated Co^^ ion in CoSiF,j*6H2() at 800"’K is 5.01 (Majumdar et al, 
I9()5), the spin only value b(‘ing 8.87. Thus th(‘. tetrahedral ion sliovv^s nearly 
84% orbital contribution (*ompared to about 82% for octahedral Co^t^ and about 
J2% for octahedral Ni^^, as is to be expected. Jn the higher value of spin 
orbit <*oupling compared to Co2+ is no doubt responsible for a large orbital contri- 
bution, even if the energy level separation liad been the sam(^ v liich is surely not 
tlu^ v,am since Dq is 4/9 times less in magnitude. 

Again th(5 variation of experimental p/ value <d* the. tt^trahHdrai Nf-* ' with 
tcunperaturo (Fig. 4) shows a larg(‘. deviation from th(' Curie law similar to octa- 
hedral Co**^ ion but unlike the octahedral Ni^‘ ion in which the magnetic moment 
roughly obeys a Curie law. The experimental p/-curve (Fig. 4) shows that the 



Tomporatiire (®k) — ► 

Kig. 4. Venation of wita torapomture m [((JjHr,) jNJ 2 NiHr(. 


p/ value first gradually decreases with a slope to the temperature axis and then 
after about 200°K the graph has an increasing curvature. 

Jt is seen from the Stark patteni of the tetrahedral NF+ ion (Fig. lb; see 
Bose et al, 1965b) that after the spin-orbit coupling, a singlet (pQ lies lowest. Just 
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above that is a doublet about 140 cm and the next higher level 

^2 (singlet) lies much higher, at nearly 1000 (‘m-i. is a non-magnetic level 
and so its own (jontribntion to the magnetic luonicnt is zero. The contribution 
of (01 , 01 ) is proportional to eDJkT when^ D is the energy se])aration t>f this level 
from the 00. The next higher hwel (02) is too high above to be populated at ordi- 
nary temp(;ratur(iS, ancl the contrihiitioii ol such lov(»l will bo of tlio high froiptoricy 
typo only. When the tempt^rature d(\criuises, the upper doublet (0^, 0'j) will 
gradually be dep(>})ulated and a steady fall in magiu'-tie moment will i*(‘sult so hmg 
as D < kT . When I) ~ kT the rate of docre,ase will b(* faster and for any furbJuu* 
lowering of temperature (D >kT^ i.e. below ~ 200" K) a ste^p fall in magneti(i 
moment Umding to ztu’o (except for high frc(juen< y contributions will ri'-sult. This is 
very beautifully illustrated in the (^ase of octahedral ^ ion wliicli has cjualitatively 
the same ligand liold pattern ox<;ept as juodiihwl hy tluj facets tliat th<» v^ahms of 
D is only~ S cm~^ and ^ ^ Klb cm with a very stocj) fall in the pf ~T (mrve 
below 10"K (8eigort and Vandon Handel, i\KM; Ohakravarty, 11)59). In the pre- 
sent case, how(Wci', the exporimeiital curvt‘* does not sJiow su(‘h a steep fall, of 
magnetic munumt in our teiui)eraturo range for mainly two rt^ason. The iirst 
is that the range of t(‘ni]>craturo betwecai 200‘^K to O'^K is siiffiLcitmt to cause a more 
gradual fall and the higli frecpiency contributions ari‘ of more im])()rtanco. The 
other more interesting r(‘/ason is that the anisotropic fitdd juay (diange with tempera- 
ture in such a way as to tounttwact the rat(5 of diu rease of the moment. This 
will bo discussed in <letails b(4ow. 

(ii) Fitting of the mt^an saf<crptihiiiti/ data> loUfi tfw Detailed Theory : 

By fitting tho exporimeiital data with the exproasion of susceptibility given 
in capiatioii (8) as discussed earlier, wo find (Table V) that tlie set of values of tho 
parameters so obtaiiuid ari> : P|| — -240 cm Pj. — — 375 cm“^ C?ir“ 

= 1.024 and A — —1020 om~h Under the present circmmstances, wo are not 

TABLK V 

Pjl — —240 cm ’ ^tl — 0.700 

P — - 575 oni'i Qi - 1 .024 

A — —1029 cnr ^ 


Tempemture 

"K 

Kxporimontiil 

'riioorotu’ttl 

' Devirttionn 

in K 

xxioo 

Vp 

k <io<5 

ip 

300 

r>986 

14.36 

6008 

14.41 

- 22 

260 

6840 

14.22 

6840 

14.22 

0 

180 

95.36 

14.72 

9421 

13.56 

4- 115 

140 

11909 

13 33 

11643 

13.03 

+ 266 

90 

17368 

12.49 

15732 

11.32 

1626 


4 



382 


A- Boae^ S. Mitra arid R- Rai 


ablo to soparatoly (lalculato a,'s, fi’s from F a and Q'a. F\\ and Pj. can then 
be further MTitUm an P\\ — olK\\^ and == ol'Ri f where ^ —325 (Jin“^) is the 
free ion value and so ctR\\ = 0.74 and afRi = 1.15. Pj(|| or J^) is the reduction 
factor asaofiakvd with the matrix elements for spin-orbit coupling. These reduc- 
tions are. duo to the. anisotropic overlap of the surrounding 5-and p-charge clouds 
and tJie admixture of and configuration, a, cxf arc the effective Lande’ 

sjditting factors in the crystal and are different from tlui valuer 3/2 for the case of 
an isotrojhc field. 

From thf> Table. V we find that at 30()'^K and at 260''K the agreement between 
tin; experimental and tlieoretically cahuilated values is well wdthin the experimental 
errors. But at lower temp(^ratures, this difference iiKToases beyond experimental 
error, e.g., at IS0°K it is 1.2%, at Ui^K ^ 3.0% and at 90°K - 9%. This 
shows that ther(^ is a systematic; incrtmse in the difference betwl^en the experimental 
and theon^tically calculated valuas. In the plot, the theoretical (jurve as 

we have discussed earlier shows a steeper fall after 200°K than the (ixperimental 
curve. This discre])ancy is evidently only due to the fact tliat wo have assumed 
A, tlie anisotropy field eoefficient as c‘.onstant with temi)erature, the other factors 
controlling the (Jiirvaturc; mentioned beft>ro namely the range of temperature 
through whicih tJm population of the level i}>\) is drained into the lowest 
state (pQ and high frequency contribution being already taken into acc'oimt in thc^ 
theory. From what we have discussed earlier, this variation of A witii tem- 
perature is just as mu(;h as is required to vdpe out this discrepant^y at the different 
temperatures and evidently must bo occuirring in this salt as in the otlu^r cases. 
Of course, as A changes, the relative values of P\\, P^ and Q\\, also change with 
temperature, tlius sharing the task of wiping out the dis(;ropaney and kc^eping the 
apparent variation of A to rt^as(^nable magnitudes. This is particularly true for the 
tetrahedral (;oiiiplexes in which the anisotropic, fiidd admixtures and overlaps are 
( omparativt'ly larger than in f lu'. otiahodral (;ojtij)1cx(ns and temperature variation 
of A may have greater mflueu(;e on (P|j, ) and (Q\\s Qj , ) than in tholaku* ease, 

however, as we have discussed earlier, we could net calculate the a(;tital temperaturi' 
vatiations of the parameters [)e(;ause then we e.ould not decide the values of the 
parameters uniquely with tiie iielp of optical absorption and means sus(;eptibility 
data alone, which are rather insensitive to the variations of the anisotropic; field 
with temperature. So we have to remain satisfied by giving cmly the systematic 
deviation between the expori mental and theoretical values. 

(c) 

(i) Room Temperature Mean Moment and Anisotropy : 

As we have seen earlier, the magnetic behaviours of the tetrahedrally co- 
ordinated Co+2 should be similar to octahedral Ni^+. The effective mean moment 
of tetrahedral Co®^ ion is 300 in C0CS3CI5 is 4.67, the epin only value being 
3.87, so that the orbital contribution is about 20 percent. This contribution 
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in the case of octahedral Co2+ and Jiave hotm already cahnilatod to bo about 
30 and 12 percents respectively. Thus we obst^rve that the orbital contribution 
in tetrahedral €0^+ lies in between octaliedral Ni‘**+ and (Jo-*. It is to be remem- 
bered that the spin-orbit (^mpling in Co^* is less than half of Ni2+ so that orbital 
contribution in tlie former should have been smalltu*. But on the other hand, 
the cubic field st^paration in the tetraluidral {^oa■^ is less than half of octahtMlral 
Ni2+ which obviously morc^ tJian makes up the deficiency. This very likely arises 
from thC' appreciable^ difforenco in the' <‘ontributions from the iiighor order terms 
in equation (9) and is also from diffcu'c'uces in the anisotropic field cionstants, 
covaleney factors find spin orbit coupling rcwlnetions in the two eascis. 

Again tbe^ magnetic anisotropy and me.an susci^ptibility <»f tetrahcwlral Co^^ 
ion (Table ITT) at 300°K are 

br)2xlO-« 

K — 9003v|0-« 

The above data show tliat tbc» anisotropy is small, only about 7 percent. 
The magnetic* data for octahedral Oo*-* ion in Co(KS04)j».()H20 at 30b°K (Bos(», 
1948) are 

-- - 3()90xJ0-«i 

K -10514x10-6 

showing an anisotropy of ntiarly 30 pc^rc.ent. But the (corresponding values for 

octahedral Ni^^ in Ni(KS0i)2‘6H20 at 3(>9'^’K (Bose f4 ul, 195S) are 

A, I- ~ 202x10-6 

K .^ 4393x10-6 

so that the anisotropy is only about b ]K>reent. All tluw facts arc* in ac;cord witJi 
the theory of Van Vleck (1932). 

Aftc'r this work was coni})IetcMl and wllil(^ this dctailcwl n*port of thc^ work was 
being propanvl, Figgis H al (Juii(», 1964) jmblislicMl a ]>a])(u on the magnc'tic mc^a- 
Hiirements of this crystal. A i)reliminarv nq)ort of our work was, howcwtjr, 
alrciady sont by us in February 1964 tor re^ading at tlici Jntc^riiational cjonforence 
on Magnc'tism, ludd at Nottingham. It would bc^ s<*c^n that the moan susce])til)i- 
lity data of Figgis et al (11164) and that of ours arc^ in good agreement but the ani- 
sotropy data at room temperature differs nearly by 6 percent The rtwison of this 
cliffercmc^c may be duo to throe factors. 

(a) Thc^y have measured the anisotre^py taking K3Fe(CN)0 as secondary 
and have taken its room temperature anisotropy values from Guha (1950) who 
had taken the standard room temperature data from the earlier works of Krishnan 
et al (1936) when the anisotropy method was yet to be*, well standardised. It has 
been actually shown by Stout and Griefel (1950) and Datta (1954) by more 
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accmralo mi^asure^monts that tho va.uos obtainod by them in many cases differed 
Avid(*>ly fr4)iii tluv i‘-arli(n’ uu^asuremonts of Krislinan et al (1934, 1936) and hence 
the hif^Ji values obtained by Figgis et al (1964) may be duo to this reason. It can 
1)0 montionofl that our anisotropy data agrees well with Krislinan et al (1938) 
wh(^n their method was much improved. 

(b) Figgis et al (1964) have adopted tho old critical (u)uple method, which 
is in many ways inferior to our present null method particularly for low anisotropies 
shown by Butta-lloy (1958) and has ]>eoii already dis(^uss6d at leuigth. 

(c) Anisotropies of shape and diamagnetism havi^ not been corrected for by 
Figgis et al (1964) which may Ins important for (trystals with low magnetic aniso- 
tropy. 

(ii) Variation of Ionic Momenls and Ionic A}nsotro'py Moment with Tempera- : 
turo : 

The ionic momcMits {K^ • T) parallel and perpendicular to tho tetragonal axis 
have boon plotted against t(*iUporature in Fig. 5. Tho temperature variations 



Fig. 5. Variation of K^.T with Tomporature in CJotJSaCL.v 



Big. 6. Variation of (K,, - Ki). with tomperature in CoCs^Clr, 


300 
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of ionin momonts lor both th(^ dirootions aro iioarly similar and obov tlu^ Ciirio- 
Wcuss law with small difforont valuos of Woiss (‘onstant TJio ionic* inonuuits 
of octahodrally co-(>rdinatclyNi2+ salts also show similar bt^liavious. 

Tho curve of (A'||~ /i T against (Fig. 0) shows tliat the values of (^K.T) 
inorc'^ases with temperature, as in oetahedrally c‘o-ordinated Ni-^ ion, thoiigli the 
increment in the latter casc^ is less than in tlic^ fonuer. This valuer in the* c^ase of 
octahedral Co‘*^+ ion also incrcniscvs with tinnpc^ratim^s. 

(iii) Fithng of the Men?) Sifsceplihilitg and Anisotnfpjf Data with thr Detailed 
theory : 

The results of th(‘- fitting of thc^ experimental data with tlie expressions of 
ionic snscoptibilitios are given in Taldo VI. From the tables we firnl that in ordcu' 


TABLE VI 



= 325 cm-' Cii =-148 cm 

' k\\ — 0.020 



H 

- 173 cm ^ 153 cm 

kj. — 0.00(5 



1 

-- _2G cm~^ 




Paramagnetic Resonance Data 





h^xperimcntal 

Theortilical 




(at {M)“K) 





<711 - 2.321 0.04 !7II 

- 2.377 




(j^ - 2.27 ±0.04 <7x - 

- 2.324 




2D — - —9.0 enr ^ 2D - 

- -6.0 cm ^ 



Magnetic 

Susceptibility and Anisotroj»y data : 



Temporaturo 

°K 

Kxjjfnnmontal 

Thcornl icul 


Kvjoo (Kii -Kj.)xl0'’ 

AXIU 

(All 

Ai ) / U)‘' 

;iuo 

9093 «52 

910(J 


054 

i2r>e 

10S75 790 

10872 


799 

200 

13300 1073 

13390 


1037 

150 

17264 1581 

J7670 


1490 

90 

27807 3248 

29115 


3084 


to fit the (‘experimental data between our temp(u*ature range, the orbital reduction 
factors havt^ to be takem as K|| =- 0.920 and — 0.906 and tlie spin-orbit coupl- 
ing coefficient as - -148 and gj. - -153 cm ^ tlu^ free ion value b(mig 
— 180 cm These reduc^tions indicate an apprecuabk^ anisotropic (^onvaloncy 
overlap between the 3d orbitals of Oo^"^ ion and tlie s- and p-orbitals of the ligand 
chhwios. The values of the second and fourth order tetragonal field paramotfws, 
H and I have been chosen, consistent with spectroscopic data, as // ^ 173 cm-^ 
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and T - It is obse'rve^d that tho fitting of both the anisotropy and 

moan siisci^ptibility data is within tho (‘Xperiniontal orrors at 300°K, but inoroasod 
difforonoos botW(‘on tlu^ oxporimontal and thoorotioally (calculated values are 
o})Sfcrv(‘d at Ioivct t(mip(cratiin‘S, so much so that at this difference is about 

f) poro(‘nt. and much Ix^yond thc^ limit of experinumtal errors. The reason of this 
dis(*r('pan(‘V is as follows. Wt* hav(v assunmd all the parameters to remain (constant 
wit h tom|)(uat,ur(c. But- tlusn* ar(^ adec|uate exp(«-imontal findings to show that at 
l(cast th(‘ anisotfopic field f)aram('t(^rs do vary with tomperatiinc, often (considerably 
(Hos(‘f7<//, IfMit) IfiOla, 1901 b, 1 9fi4). A consideration of tho variation of tlm abovt- 
fif‘ld param(‘t('!s may lead to a b(ctt/er fitting of tlu^ moan susceptibility and aniso- 
trojjy at all hmipcTa times. If // and /, the indtcpendeiit anisotropic field para- 
nud-icrs, arc assunued to vary wdth temperatims our S(ct of mean sus(‘eptibility and 
anisotropy data would be just enough to give a unicpie solution of their values 
at otiuu temp(cratur(‘S, (*onsistant w ith tlm room temp(cratur(c valiucs of parameters 
fitting the SYKM troscopie data. But then it would not be possibh^ to vary k\\, 
kx and fx whi(*h though (hcjMuident on H and T are not (explicitly ridated to 
them. It is then (widimt that tho room temperature para]n(^tors thougli UTU(iu(^ly 
determined from magneti(‘ and sjKactroseopic data can not fit at low temperatures. 
We (could have i^xactlj^ fitt(xl tho entire range of values of suscccptibility and aniso- 
tropy iiith a hypothetical fixed set of parameters using only th(^ magncctic mc^asuro- 
monts since w e havo enough magneticc data for this })urposo, but his set of para- 
meters would not he consistent with sp(^ctrosc()pi(c or resonanc(^ data. In our 
present (calculation since we could not consider siuch variation in H and T as w^ell 
^il> io tluc abeence^ of temperature variation data on sp(^ctrosc(»pi(c 

absorption and paramagnetic resonance. W(i had to remain satisfied by showing 
that the fixi^d set of parameters consistent with spectroscopic absorption data at 
room temperature (could not give uniepie fitting with the (experimental data at all 
Uunporatures. This is further brought out by the fact tliat the zero-field splitting 
( --() ( 111 calculat(Ml unicpioly at room temperature is app^(^ciably different from 
tlie^ (experimental value —9 (cm ^ at low^ tomperatur(‘. The very perceptible^ and 
consistently increasing disecrejiancy in the fitting of anisotropy and mean suscepti- 
bility at other temperatures can then be asecrilwd to a largo extemt to the toiipera- 
t uro dopondonee of the? j»arametors H and 7 and (‘onecommitant dependence (if 7^(|, 
. fill . Evidently the fixed set of parameters at all tempeu’atures and a zero- 
field splitting as largo as — 29 cm~* postulated by Figgis et al (1964) is against 
all experimental facts even if tlie largo errors in their anisotropy values is over- 
l()ok(vd. They have further postulated a weak super excchango interaction (J 
cm~’) between Co^^ ions through the nearest intormevliaty chlorines to (dose 
up the still existing discert^pancy with the theory. It is of course possible that such 
a small exchange interaction exists though p.m.r. (Hall and Hayes, 1960) and 
Zeeman field splitting studies (Judd, 1964) do not report any. But even taking 
into account this interaction, causing a small departure from Curie Law, the whole 



387 


Mag^ietic Studies of Single Crystals etc, 

iroHi this law can not be covered unless a very unliktdy obs(u*ve(.l dcipartiin' value 
of zero-field splitting is taken as doiu^ by Figgis f t al (IDbd) on an adiioc basis. 

(ivi Fitting of the Panmmgnetk Remmtme DaUi ; 

Paramagnetic n^srmamio measunauonts on tlH‘ sirigk? (lyrstals of ('oC^s^Clg 
were done by Bowers and Own (1955) and by Rail and Hye^s (1950) at 90 K The 
sot of tho theoretical parameters wliicli gives good fit with the susc(‘ptihility and 
anisotropy data at room temj)eratiir(‘ was utilised to iiahudatiMl tho V/' and ^1/ 
values. Tho experinumtal and theoretical values ari* given below • 

Experimental TIkm >retical 

(/,i - L\32i:0.94 //,, - 2.877 

r/x - 2.28-t0.94 f/x -- 2.325 

21) - - 9.0 cm-^ 2/> r. -^0.0 cm 

It would be seen that there is a small but apprc^cialilt^ dillereni;e lietAMH^n the 
expi'rimontal and theoretical values ])articidarJy thc‘ 1> Nnliu'. This diffonuice 
betweim them is due to the fact that we havi* (*alculati^d tlii^, r/, and I) with tlu^ lielj) 
of parameters whicli give gcxul lit with tJie mean sioci^ptibility and anisotvojiy 
(lata only at rooin tempi'rature. H(‘nc(' tin* czlculated g^ and 21) v'^ahu'S rider to 
the values at room tomjieraturc w}ieri‘as tlie expiThmmtal vuihu^s an^ for 90K. 
This shows a variation of tlu^ *f/ ’ and 21) vahu'S in thh Ounperatun^ region indi- 
cating a change in th(^ (crystal field as we had antioipati^d earlier. It is to b(‘ 
noted that Figgis ef o/’s value fi(r 21) is ~ 20 cm wlm h docs not agrei^ in 
magnitudf^ with tJie r(‘.sonan(H‘. vudues. 

(v) Fitting of the Optical Abfsorpti<PH Data . 

As had already lunui discuss(Ml, although tlu above choicM^ of parameders 
(ItTived from susc(‘^ptibility and aiiisotro[»y data, is not (umijiatiblc with the 
magnetic data at all t(5m]K‘.ratures, th(‘.s(^ arc (pijt(‘ consistent with the tini* 
structure optical absorption data at room temperatun^. (^>nsidering cufiic and 
tetragonal fields and spm-or bit coupling, the main bands and V 3 break into six 
compfinents wdiich are in good agreement witJi th<^ (experimental line, structure 
levels (Cotton el al, lOfil). 

AN APT A RE NT 1) J S C R E I> A N Y BETWEEN STRU(’TURAL 

ANALYSIS AND MAG NET KJ MEASUREMENTS JN 

OuCs^Ch 

As we have soon earlier, the structural analysis of CUCS 2 CI 4 by Rcdmohlz and 
Kruh (1952) reveals that tho tetrahedron of four chlorine atoms is compressed 
along the tetragonal axis and tho (»ther two perpendicular axes are equal. Hence 
the field along this direction might have botin considered to be stronger than along 
the former would have been quenched to a greater extent than in the perpendicular 
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(lirtM tioii ; ( 0118^(^11011 tly would appear to })o greater than ^n- But we oxperi- 

juentall^ ob^^tTvc*. that A']] in greater than Aj. , "J'his is supported by the spcctros- 
co])i(; studi(*s (Ferguson, Jb()4) showing that the singlet is below the doublet 
2^2 as is to b(* (*\jKH-ted in this east*, and also directly by the e.s.r. studios of Sharnoff 
(19h4) giv ing A sbiiiJar results lias bc‘(Mi obtained n^ijontly in FeSiFg*6HyO 

(trigonal (jrystal, 8 pa(?(* gi'oup C\i w'ith one molecule in the unit eoIB whc^ro 
neutron diffraction studic^-s (Hamilton, lObl) indurate the (Fe( 6 H 20 )] 2 + octahedron 
to be* elongat(*d. Avh(W(‘,as magnetic nu^asureinents of Jacjkson (1959) and Bose and 
Bai (1905) uniejuely show that Ki> A^n. 

A (jualitativc*- explanation of the present disci-epancy was givtui by Mitra 
(19(54) w'ho tri(‘d to account for this on th(‘ basis of anisotropic covalency 
overlaj) of tlu* orbitals of the ligands and the metal ion, whicli in consecpuuicc^ may 
cause an anisolro])ic rculuction of the orbital moinmit in a scuise opposite to tluit of 
the- flattcaiiig of the tc^trahedron. A look at the ligand fic^ld parameters given in 
Tabh' V indicates that tlu^ orbital factor A\ has been rt‘.duced anisotroyiically to 
K|| 0.81 and — ().72 ahmg and perpendicular to the tcitragonal axis, res- 

pectively, thus shoe ing that the covalency overlap along tlu^ ptwpcmdicular direction 
28 pcwccmt. The c^ffec-t of covalcnc.y ovc'rlap in gciueral is to reducie the orbital 
moment, llcmeo the r(‘duc,tion of tlic^ orbital moment in the perpendicular direc- 
tion of til orbital moment in the perpimdicular direction is nc^arly 9 percent more 
than in thc' parallel direction, and this in spites of thc^ scjuatness of th(^ tetrahedron 
may rculuc'c tlu^ sus(t(‘.])tibility along the ])orpondiciilar direction, so mu(;h so that it 
becomes smaller than the susc-c'.ptibility along the paralkd direction i.e. becomes 
less than /v|i. 
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ABSTRACT. The infrared absorption spertnini ui the 4000-B30 (m~' region in the 
solid state at laid in solution in carbon tetrachl(»rid(' and the Raman spectrum in the 

IkjukI state at 9()°C hav(‘ b(*en reported for para-ehloronitreborizoiic. A complott* assign- 
ment of the observed frequencies is given. 

I N T K 0 D U i) T I 0 N 

In a pr(‘vioiis jiapiT (Mcdlii, 1064) tlio infrarcvl and Jtainaii spectra of tlu‘. 
thr(H> isornors of fluoronitrolx^nzt^m* wore presented and a (*om])let(‘ assigiinieiit 
of the viliratioiial fr(‘(jiien(‘ies given. In eontiriiiation of that work tlu* investi- 
gation has Ix^en extended to jiara-ehloronitrohenzt'iie. The infrared spectrum of 
this eonipouTid was studied previously liy JUuMunte (1038) over the limited rangt*. 
1400-500 cm * aiifl by Mooney (1064). Earlier works on th<^ Raman s])ectrum of 
this molecule relate to those of High (1031), Manzoni-Ansidei (1035), Reitz and 
Htoekinair (1036) and Wittek (1042), and only a partial assignimuit of sonu^ of tho 
fundamentals is given in Laiidolt-Bornstein Table (1051). 

In the preseTit investigation a detailed study of the infrared and the Itaman 
sjiectrum of para-ehloronitrobenzeno has been mad(^. Several new Raman 
lines which were not detected by the earlier workers ha\ b(H'n observed. Esstn- 
tially complete' vibrational assignments, baseel largely on eomparison with thust^ 
proposed for para-Hiioronitrobejizene (Medbi, 1064) aiv given. 

E X P E R T M E N 3’ A h 

The })ure sample' of para-e*hloronitrobenze'ne' was supplied by RicMled-de^ 
Haeii A. G. It w as jmrified by fractional elistillation. The fractions boiling at 
242^0 wore ce)llt3e}te*d and distilled again under redue-cKl pressure bofe>re use. 

A Perkin-Elmer Model 21 S|)ee*,trophotemieter oquippexl with sodium chle)riele 
prism was used to record the infrared absorption spectrum in the region 
4000-636 cm"^. The instrument w'^as e*alibrateel with tho standard atme>spheric 
water vapour and e^arbon dioxide bands. The spectrum was obtained using a 
thin polycrystalline film grown by melting tho substance between two NaCl 
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plates and (‘ooling the si)eeimen slowly to rcumi temperature. Th(‘ infrared 
spe(itrum in the frcqueney n'gion em-^ was also measured in wdution 

in carbon totraehloridt*. 

The Raman spocjtriim was reeonh^d photogray)hica]ly using a Fu(*ss glass 
spee.trograpJi (dispersion ll)A/inm in the 43r)SA ri^gion) in th(‘ lupiid stat<* at 
90°C (i.e. at a temperatur<' slightly abo\(‘ the nudting point). Tlie speetrum was 
exeitcal by the Hg 4I}.')SA lino. Tlu^ compound being sliglitly yt'llowisli in < r>h)ur 
there is strong absorption in the region near 4358 A, A fairly long (^xposur(‘ was 
necessary to re(‘ord the low-lying ftanian frequ(Mi(i(*s. Tht^ study of the 
polarisatimi of the Raman lines was also macle by llu‘ imdJiod descrihed tdw*- 
where (Metlhi, 1964). 

H E S V L T S AND D I S f’ U S S I O N 

The observcsl infrared and Raman fre<|ueneies of .])ara-eJdoronitrobenzene 
and their approximate intensitic^s are given in Table I. Tlie assignment of the 
fundamental fre(jii(‘ncies is givtm in the fourth column of the tabl(‘. Fig. I shouts 
the infrared speetrum in tlu* range |S(MMi3() mil The Raman speetrum is 
reproduced in Fig. 2, T*lat(‘ HI. 



Fig. 1. Jnfj-ari'd spectrum of panic hlnronitrohonzeno 

Th<- parachloronitrobcnzcno niolocuk- m aHsiiiin'd to liav(‘ (^ 2 ,, symipotry. 
It should thus havo tliirty-six fundamental modes of vihration whieli are distri- 
buted over th(' four symmetry sjieeies as follows 
In-plane vibrations 

13 a, (infrarwl and Hainan active)-! J2i, (infrared and rvaman active). 
Out-of-plano vibrations 
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TABLE I 


Infrannl and Raman froqucnci(^8 of ^)-chloronitrobenzone 


Infrared, v in 
Solid at 
20“<J 

Ramaji, A*' hi 
Liquid at 
90"C 

Assignment 

Species Corresponding 

modes of Remarks 

benzene 


212 (Ob) 

hi 

16B 


276 (2) dp 

b. 

11 


314 (1) 

Ul 

6A 


367 (0) ? 

h2 

4 


416 (0) 

tt2 

I6A 


444 (0) 

bi 

NO 2 rocking 

4G7t 


bi 

18B 

536t 

030 (1) 

bo 

NO 2 out of plane 




rocking. 


669 (0) 

b2 

lOB 


597 (0) 

bo 

17B 

645 (sh) 

623 (3) dp 

b, 

6B 

670 (sh) 




674 (m) 

677 (0) 

Hi 

NO 2 bending 

740 (vs) 

734 (2) dp 

bj, aj 

9B, ISA 


790 (0) 

b2 

6 

820 (sh) 

826 (0) 



846 (vs) 


ai 

12 

864 (vs) 

865 (5) p 

»!. aj 

1, lOA 

936 (w) 




965 (w) 

960 (1) 



1013 (m) 

1016 (0) 

Ho 

17A 

1045 (sh) 




1065 (sh) 

1066 (2b) dp T 

bi 

16 

1093 (s) 

1095 (3) p 


19A 

1109 (s) 

1110 (6) p 

»! 

2 


1148 (0) 



1174 (w) 

1174 (2) p 


9A 

1213 (vw) 

1214 (0) 



1231 (vw) 

1249 (0) 



1283 (m) 

1290 (2) 

bi 

3 

1314 (m) 


bi 

14 

1347 (vs) 

1347 (10) p 

fti 

NO 2 stretching 

1355 (sh) 




1380 (sh) 

1387 (2) dp 



1426 (m) 

1426 (3) p 

tti 

20A 

1464 (sh) 


Hi 

13 

1481 (vs) 

1480 (3) p 

»l 

7A 

1514 (sh) 


bi 

19B 

1526 (vs) 

1523 (3) dp 

bi 

NO 2 asymmetric 




stretching 

1564 (vw) 
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TABLE T (ciontfl.) 


Infrared, v in 
Solid at 
26"C 

Kaman, Ar m 
cm-i . Liqiud at 
90°C 

Assignment 

Speeies Corresponding 

modes oi 
benzene 

1581 (s) 

1577 ( 8 ) dp 

ai 

8 A 

1607 (s) 

1605 (2) dp 

hi 

8 B 


1630 (w) 

1660 (w)* 

1690 (sh)* 

1706 (dh)* 

1730 (vvw)* 

1780 (w)* 

1828 (vw)* 

1840 (vw)* 

1880 (sh)* 

1920 (w)* 

1974 (vw)* 

2030 (vvw)* 

2090 (v\^)* 

2135 (vvw) 

2215 (flli)* 

2228 (vw)* 

2291 (w)* 

2454 (w)* 

2570 (sh)* 

2595 (vw)* 

2630 (ww)* 

2690 (vw)* 

2757 (vw)* 

2855 (w)* 

2930 (vw)* 

3050 (sh)* l>, 7B 

3086 (sh)* 3087 (3) p 

3110 (m)* h, 20B 

3167 (sh)* 

3206 (sh)* 

3300 (sh)* 

3680 (vvw)* 

3666 (sh)* 

3690 (ww)* 

3718 (sh)* 

3825 (vvw)* 

3920 (ww)* 


Jlonuvrks 


(B)= 8 trong; (m)=medium; (w) =weak ; (vw)=very weak (sh) - shoulder ; (b)=broad; 
p = polarised; dp ~ depolarised . 
tTaken from Mooney (1964). 

*Frequency observed in OCI 4 solution. 
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4 aotiv7‘) ! IK (inframl and Raman activo). 

The spcr irs r^, would gJV(‘ risi^ to polarised Raman lincjs and the remainintr 
s]HM K‘s to dcp<>larise(l Raman lines 

tS/jrnrs The e](‘V(ui niod<*s taking ^(>2 as a single group are dtinVed 
from tluv in(»des 1, li, <)A, 7A, KA, 9A, 12 13, JSA, RlA and 20A of benzene 
(Wilson, 11)34). In tlie disiihstituted lienzenes with the suhstituents in the para 
positions, tlie fi(‘(|u<‘iieies of the Modes I, t>A, 7A. SA. 12. 13, ISA. U)A and 20A 
are (‘Xpi'cted to l>(‘ lo\\er(‘<l (‘onsiderahly dm- to the presenee of the h(‘avy atoms in 
tin- para positions. The probable values til lh(‘ frecpieneies wliieli ean be assigned 
to th('S(‘ nioiles ar(‘ shown in the last but om* eolumn of Tal)l(‘ 1. The intense 
polaris(‘d Ivanuin line- 855 cm * has been assigninl to v,. Its apjiearanee also as 
a strong infran-d baml may ix- due to the diffenoee in the two substituents 
Tlie jiolarised Jim^ 14S() (un ‘ is assigned to V7^ and the strong infrared band at 
HSi eni * may be du(‘ to sujKU’posjtioii of the bands dut' to inod(‘S anrl 
The otJun* polarisisl lim^ I42<)em ^ is assigned to and tlu' infrared frecpieni'y 
Jl)()4em ' may be du(‘ to Vjij. Th(‘ intense depo1a?’is(‘d Raman line 1577 cm ^ 
is evidently due to and tJi(M\eak line 314 cm Ms dm- to as sugg(‘st(‘d by 
Mocke-K(irkiiof (11)51). The strong polarised line 1 1 Idem ' is assigned to Vo 
and the jiolarised Raman line 1174 em"’ to Vy^, because this lattiu* mode is 
not affe^jted by the substitution in tlu^ jiara jiosition. Tlie strong infrared band 
at S4(i em ^ is assigned to Vi2 and it ma\ Jiavo also aj)])eari‘d feebly as a. woak 
unr(\solved companion of the lim* S55 (*m*^ in the Raman sjMU’trum. The strong 
infrared band at 740 cm~^ may lx- due to and the polarised line 1005 (un ^ 
is probably due to as suggestinl by Meeke-Klu-rkhof (1051) The otluT two 
modes of tliis sjieeies are the synnm-trie stre-tehing and bending vibrations of 
N(>2 group giving the Raman lines 1347 em~^ and 077 em‘“^ resjx^ctively. 

Sjjrcif's Out of th(^ twelve imxles of this spixues ti-n are derived from 
the modes 3, OB, 7B, SB, OB, 14, 15, ISB, lOB and 20B of benzene resjiee- 
tivel}’’ and tlu? remaining tw'o are contributed bj'^ the NO2 grouji. The frequenei(?s 
of the modes OB, SB, 7B and 20B remain umdianged on substitution. So, the 
Raman linos 023 and 1005 cm * are assigned to Vy/j and respectively and 
the infrared bands at 3110 em Mind 3050 cm ^ ai’c assigix-d to the modes 
and v 7£ r(\spet;tive]y. The Raman line 1200 enr* may be du(- to V3. The 
Raman line at 30S7 cm ' may be dm- to one of the twT) nuxlt-s wliieh ean lx- 
derived from a sujierposition of V2 aiul vg//. Tin- depolarisexl Raman line 734 cni“^ 
is assigned to Vq 2 i tlu^ weak band at 407 em ’ to Vjg/j. As mentioned 

liarlier, the infrared liand at 1481 <‘m“^ is due to Viy«. Tiio infrared bands at 
1314 cm“’ and 1050 cm~^ may bo assigiKnl tentatively to V14 and V15 respectively, 
as the destrindioii of ciuitre of s^mimetry makm these- modes weakly allowed in 
the infrared. TJio remaining tw'o inodes of this species are due to the asymmetric 
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slrotehiug and rocking vibrations of the .NO. ^rou]) giving tli(‘ dcjiolariscd 
Jiuo 1523 and tlie AV(uik lino 444 < in ^ n‘sp(*('tivcly. 

Sppcies a^. Thoro arc throe vibrations of this niok'cult^ belonging to speoios 
^2 corresponding to tlie modes and of benzene. The fr(H|ueney 

of V 304 should be S4b em-‘ as benzene givt^s a llanian lin(‘ <4' tins frt‘(|m*ney 
but it is not possible' to n^solve this line from the str<mg liiU' at Soo ein h The 
line 415 em~’ is given by the mode and ja-obably the weak line 1015 cm ‘ 

is due to Vt 7 ^ 4 , the eorresjionding infrared band 1013 cm ' being oi miMlium 
strengtli. The fourtli vibration arisc^s fiom KO. twisting w hieli Jias n 4 >t af>p 4 ‘are«l 
in file .sp(‘(;tra. 

Hpf'cies Six moiles o( tins s])eeies ans<‘ irom tlu* modesvi, Vr^, Vi„f{, 
'^ii' V| 7 jj of benzene All tluse mo<h*s art* (*\p('et(‘(l t 4 > havt* IVt*- 

({iK'neies lo\\(‘r than tla* corresponding fretgieneies of benzcMU*. Tlu* Ibiman lines 
212. 270 and 307 ( m ‘ can ix* assignefl to and v,, n‘sp(‘cti\ t‘l> . Tlie 

Hainan lint's 500 arul 507 cm ’ may lu* assigntxl to v,o/i ‘ind Vi 7 /i n‘spi‘ctiv('I\ 
and tilt' lino 700 cm~^ may be dm* to Tlie st'venth vibration arist's from NO^ 
out of plane rot king and is assignt'd to the frt'tjut'iicy 5.30 cm ^ apjM'aring both in 
th(' Raman an<1 infrai’cd spt'ctra. 

Hesidt's the fn'tpUMic.ies nu'ntiont'd abov t' mmu ron.s banth, mostiv veiy wt'ak 
havt' IxM'Ti of>st*rv(*fl in tho infrart'd spctd-nim of tht' solution in tlu* rt'gion irom 
1030 enr ‘ to 3020 cur b Tho bands art* cvidt'nth tlm to ctnnhinalions t)r some 
of tlu* tnrulaint'nlal mt>dt*s mcnluuu**! abovt‘ 

V (’ K N 0 \V L K J) a M K NT I’ 

Tlie antlmr is gratclid to Dr (t. S Kastha, I) Sc.. I'oi Jus lu*lpful djscii''M‘> 
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LIGHT ABSORPTION IN NO3 ION IN STATE 
OF SOLUTION 
(Part III. — Effect of Cation) 

A MOOKHERJI and S. P. TANDON** 

PnysicAL Laboratories, University or Buudwan, Burdwan, (W.B.) 

India 

ABSTRACT. 200 rn\k btind, which is an hIIowchI tt ^ it* iTansition, has boon studiod 
in fivo mnnovalont nitrat-os. Tho blut» shift of tho band has boon found to be proporl ional 
to tho iiivorse of tho cationic radius. 

INTRODUCTION 

In tho preijoding part (Part II) of tho present sf^rios of papers, a systomatii^ 
study of the characteriFtics and assignment of the 200m// band of nitrate ion 
lias hi\m reported (Mookherji and Tandon, 1965). 

Absorption bands are observed to suffer a sliift towards sliortta* wavelengtli 
due to the effec^t of environment known as blue shift. In the states of solu- 
tion the factors which presumalily affect the position of the (dectronic bands are 
ion-ion and ion-solvent interactions. The former lias not bc^n studied in tlu* 
case of 200m// band of the nitrate ion while the latter has been studiwl in some 
details (McConnell, 1952, Strickler, 1961, Strickler and Kasha, 1961) and willlie 
disijussed in the next paper of th(^ sories. 

In dilute solutions ion-ion interactions are expected to bo very weak and are 
usually masked by tho ion-solvent effect. Ion-ion interactions are of two tyj>es, 
anion-cation and anion-anion. The later interactions aro so weak that they can 
not be recordiMl. So there is a possibility of studying only tho former by investi- 
gating the spectral shifts, keeping all other parameters constant and varying the 
cation. Tho importance of this lies in the expectation that it may become a 
tool for making direct measurements of intormolocular interai^tions. 

The present communication reports a systematic study of the effect of cation 
on tho energy of tho 200m// band, which has boon assigned to symmetry 
allowed 7r-> tt* transition of the nitrate ion (Mookherji and Tandon, 1962, 1965) 
in state of aqueous solution. The results have been discussed in the light of the 
work of Mott and Gurney, (1948) , Moyerstein and Treinin, (1961) and Smith 
and Boston (1961). 

♦♦Present address ; Physical Laboratories, University of Jodhpur, Jodhpur, Rajasthan, 
India. 
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liXPEltlMENTAjL RESULTS 

The results of measurements of absorption w'itli UVISPEK spectrophoto- 
meter reporte<l earlier (Mookliorji tuid Tandon, 1965) have beoxi used. 
Energy in electron volts of thci-o pMiks- (A B, C, D and E of 200m/«) against 
inverse of the radius of five monovalent cations, —lithium, sodiiuu, potassium, 
silvor and ammonium, have boon given in Fig. 1. 



Fig. 1. Variation of eru'rgy of jjoakK A. B, (\ 1) and liJ of 20d?nji band of nitrato ion witfi 
( CJatioiiic radius)- 1 . 


DTS (JUS SION 

A study of P’ig. J ri^voals a bliK' shift with deereaso of (nation radius for the 
nitrat('>8 studied. To explain suc-h band shifts duo to onvironmont several theories 
have boon proposed (Griffitlis and Symons, IbbOa) in connoetion with tho eloetron 
transf(F!r spectra. Tn an aqueous solution tlioro is also possiliility of ion-pairs 
formation. An intornal transition in an anion, brings about only a limited ex- 
pansion of tho electronic orbital, and Iumico will bo probably affected only by the 
external polarizing effect of tlio cations (Kortum, 1944; Griffiths and Symons, 
1960b) suggesting that the cation would affect the spectrum of anion only at contact 
approach. But in the present case of nitrate ion, it is jiossible for the cationic 
effect to bo convoyed (Meyorstfdn and Treiniii, 1961) through the first hydration 
layer. In dilute aqueous solutions solvatcxl cations whi(;h have the nitrato ions 
as nearest neighbours may be attached quite firmly to tho cation. This is tho 
case of local hydrolysis (Diamond, 1958), and is an extreme case of polarization. 
The polarized water must be more H-bonded to nitrate ion and thus will act as 
a more polar solvent than ordinary water. The magnitude of the ionic effects 

6 
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will dopend on the cdiargo on the cation, distance and mode of approach to the 
nitrate i(ni. Thus the (nations having only one water molecule separating them 
from nitrate km are (*,xp(‘cted to liavo an effect decreasing with increasing cationic; 
radii. This is what lias l)eon observed. But this mechanism of band shift is 
analogous to that of electron transfer spectra. It has already been proved (Me 
Kwen, 1961; Strickler and Kasha, 1961; Mookherji and Tandon, 1962, 1965) 
that the Fpectrum of the nitrate* ion is not due to (>k*.otron transfer, but due to an 
allowed tt— > n* transition, which shifts thc*^ t‘le(droni(; charge density from the 
region round oxygen atoms to the region around nitrogen atom. Consequently 
the blue shift may be explain<^d as follows : 

In solution (Mott and Gurney, 1948) like c‘rysta] and inedt (Smith and Boston, 
1961) there exist two types of forceps. Coulomb and Ovei'lap forces. The Coulomb 
forces of the oth(‘r ions give ris(‘, to the external elcc;trostati(; potcmtial, V, arising 
from pairwise^ cdectrostatic interaction betw^een ions. For solutions containing 
A ions, wt5 have then 




- y f, f dv, 

^ D J TNOi—U 


... ( 1 ) 


Where is the vector position of the vohimc>> element in the nitrate 

ion that becomes ox(;ited, is tlu» vector position of a volume element dVi in the 
t-th ion, pi(ri) is the (diarge density function of the i-th ion, p is the ele(‘tronic 
charge and 1) is effective dielectric; constant. The term is the scalar 

distance betw^een dVN()t\ and dV^, 

The external electrostati(* potential V is positive boi;auso nitrate ion is nega- 
tive. The dipole and higher terms in V are produced primarily by neighbouring 
ions. Therefore it is useful to divide the ions into twd groups : those; ions wdiich 
lie nearest to a given nitratoion and those ions wdii(;h are more remote. Tlu; nearast 
neighbours are cations and are assumed to have rare-gas-olectronic configurations, 
with small polarization terms ignored. These cati()ns can be represented as 
point charges and the following change made in equation (1) : 

nrjvo.) =- S ® f dVj,o,+ ... (2) 


Where is the not (;harge or electrostatic valence of the /-tli cation, (r^y^^g) is the 
scalar distance from the centre of the ^-th cation to the volume element dV]^o^ 
of the nitrate ion, the summation is over the G- cations of the nearest neighbour 
shell, and V is the term similar to equation (1) but is summed from (C+l) 
through (iV^— 1). The dipole and higher terms in equation (2) are of greatest 
magnitude near the neighbour cations where they increase as the cationic Zjr^ 
increase. 
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The potential V as discussed above contribuU's to tho transition energy in 
a way approximately described by (Smith elal, ]{)OI)a 

... (3) 

where (Av)o represents t\u) transition energy for a nitrate ion separated to 
infinity in(jluding tin* effect of n'puLsive overlap forces and the integral represents 
the change in interaction energy between F and the electron^! (‘barge (iloud of 
tho nitrate ion in going from the ground to tlie excited states | \lfgj. | and | | ^ 

are the electronic density functions of the ground and the oxcitod staters respenv 
tivoly, and tho integral is over tho voluim^ of the nitraU* ion mwo dipole and 
liiglK^r terms in equation (2) are of great magnitude tu^ar the luaghobouring 
cations, where' they increase as th(‘ cationic ZjtQ imuoasi\ Consequently tho 
interaction iiitigral in equation (II) changes when changes. This explains 
tho observed dependence of ('norgy of the 2^)()nl/^ band on 
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MATRIX RELATIONS BETWEEN DIRECTION COSINES 
AND MILLERIAN INDICES 

J. K. GHOSR 

Depar'I’mknt of Physics, St John’s Oolleoe, Agra. 

(Received May 15, 1965) 

For niagneiiii nioasiiroTPents in tricliiiic crystals, dirootions aro iisnally spoci- 
fiod by the Millcrian indices of oni^ or two planes, wliilo for many calinilations, the 
direction cosines with reference to some orthogonal axep x, y, z, are necessary. 
As an example, supposi^ thes axis (‘oincides with tlie crystallography* c axis and the 
X axis li(v« in the a -c plane close to the a axis. The cosines of the angles bc^tween 
the various axi^s aro as follows. 

a b (; 

X sin (cos y- - cos a (ios ^)/sin fi 0 

y 0 if /sin /y 0 

z cos p cos a 1 

where ilf = (1 — eos^ a—cos®/? — cos 2cos a cos /y cos y)^ and is positive. The 
matrix fj] of transformation from x, y„z to o, h, c, is th(i matrix formed by the 
trigonometrical quantities as arranged in the above table ((Jhose, 1964). These 
coordinates x, y, z, have a slight advantage compannl to those discussed by U. S. 
Ghosh and Mitra (1965), because the determinant of [J| is positive. The values 
of [J] and [J]” need be calculated only om^e for a particular variety of crystal. 
Tt may bo verified that 

1 cos a cos cos y 

sin p M sin p 

0 

JT 

cos fi cos fi cosy —cos a 
sin fi sin ^ 
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As shown hy Ghose (1964), a unit vector [^ ?/ ^] in x,y.z coordinates, 
transforrnis to a unit oovariant vect<*r [Vp] and a unit contravariant v(fctor [F^J 
in ffl, b, c coordinates such that 

^ - 1 F, Vi FJ[Jl-> = [Jl[F“F‘r]' ... (1) 

It may ho noted that Fj, F^, are eosiiuis of the angles made by the unit vector 
with n, b, c axes while |, //, f arc those iiiade witli tlic orthogonal x, y, z iixos. 

If /r.b: c ho the axial length ratio and (W) he th(> Miuorian indices of a 
plane, then any contravariant vector lying in this plane, is giv«'n hy 

{[1“ V’> - I (wH-tt)" - ' 

L h k I . 


where m and n are any two numbers. For a covariant unit voctf>r [Vp] normal 
to this plane, [Fp][r/^] is zero for all values of m and n. Himw' w'o get 


[ F „ F , F ,]-(2 


h k 

. n h 


1 ■ 
0 . 


... ( 2 ) 


where Q is a suitahh' multiiilier to make the magnitude of tlie vector e(|ual to unity. 

Again if two planes {kkl) and {h'k'V) are hotli kc])t per|Mmdicular to the plane 
of moasuronient, then the normal to the latter lies in both (hkl) and (h'kT) planes 
and is given hy tlie contravariant veiitor 

- Qia{t(V- k'l) h(lh'- Vh) c(hk'- h'k}]' ... (.3) 

where is a suitable luiiltiplior. 

Values of y, ^ may he found hy combining either eip (2) or eq. (3) with 
eq.(l). If ^ 1 , >/i, are the values obtained when or is arbitrarily taken as 
1 , then the actual value of or i,s When only the ratio of 

two dirc(!tion cosines is nsjuired, Q iuhkI not he calculatwl. 

This matrix method of (^alc.ulating the direction cosines seems to bo simpler 
and quicker than other methods. 

B P2 P" B K E N (J E S 

Ghose, J. K., 1904, Ind. Jour, pure apyi. Phys., 2, 94. 

Ghosli. U. S. and Mitra, .S., 1904, Irul. J. Phys., 38. 19. 
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THE INTRINSIC DIELECTRIC CONSTANT OF SALICYLIC 
ACID AND BENZOIC ACID 

TATHAGATA SEN 

ATa( KOWAVK IjATjoratory, Physics Department, Andhra University, W^iltair. 

( HfM*t‘ivod July 23, 1905; ( Vimmnnioatod by Prof K. Rangiidhama Kao) 

Th(‘ oxperi mental arrangement* consists of a slotti^d coaxial transmission 
liiu^ fcHl by an ultra high frequency unit oscillator of General Radio Company. 
The povvclenul sample is packed into a specially desigm^rl dielectric* (*ell terminat- 
ing oTK^ end of the transmission lino. 

Tile measurements are madc^ by the standing wave method of Roberts and 
von Hippel (1946). The technique of square wave amplitude modulation is em- 
ployinl to improves the sensitivity of measurements. 

Experiments are eondin^tol ovct a range of vohuno fraidions for (^a(;h of the 
two organic substances. The apparent di(dectri(; constants are then computed by 
the formula of Dakin and Works (1947). To evaluate the intrinsic dielectric 
(ionstant from the logarithmit! formula of Rabinovitcjh (1964), 

loge^ = P]oge,+A' 

graphs are drawn for the two substances taking jP, the volume fraction, on the X 
axis and the apparent dielectric constant on the Y axis. Linear plots shown in 
Fig, 1(a) and (b) are obtained. The intercept (not sliown in the figures) on the 



Variation of log « with P for Benzoic acid. 

K. S. Ramakrishna Kao collaborated with the author in setting up this arrangement. 
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FIGURE 1(&) 

Variation of log with P for Salicylic acid. 

Y axis gives the value of 'k\ The ititrinsio diolectrie constants ohtaiiKMl are given 
ill Table L Details of the oxpt^riineiital method will be reported shortly. 

TABLE L 

IntriiiBic 

Siibstan(‘e dioloclric 

constant- 

Benzoic Acid 3 02 

Salicylic Acid 2.90 

The author is greatly indolited to Prof. 1C. H. Rao, for his invalualile giiidaneo 
and to the Council of Scientific and Industrial Resi^arch for the award of fellowship. 
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BOOK REVIEW 


IR - THKORV AND PRACTICE OF INFRAPvEI) SPECTROSCOPY —by 

Hrniuin A. Szyiiianski. Pp. XlV-f*nr>. Pb^iiuni Press, Now York, li)64. 

JW $ ir).(K). 

T1k‘ pn'sont book under review is, as mentioned on the jackc^t “a singh^ ready 
rofenuKu*. to the t(M*lmology of infrared speetr(jS(‘o])y’\ Tt is suitable for bt^ginnors 
as well as for tliose wjn) liavt^ vstartol resoareh Avorks in this subject. The chapter 
on instrunKMitation })y Nelson L. Alport, Chief Engineer, Product Design and Deve- 
lopiuont. P(!rkin-Elmor (Jorpc.ration is highly gratifying, Ixuiaui-e it has come from 
such a source which lias providcxl the various scietitifie institutions with liighly 
v(^rsatih^ jnstnuiuMits. Howc'Vit, the space devt>tcd wuuiis to be inadequate and the 
inclusion of tlie working of an actual spectropliotonu^ku’ \could have been very 
useful. Tile rdiapters dealing with theoretical {‘orisklcrations in infrared epc(?troh- 
copy contain all the essential tof)ics. But it appears that the scxdion on group 
tlieory could have been reduced to give more spacer to to])ics like F(*nni and (k>rioIis 
Perturbations, Inversion doubling l-type doubling and Band contours of tlu* 
symmetric and assymraetric. rotors. The chapter* on the usi* of charact(*ristie 
group freipiencies in Mtruetural Analysis exUuids over 100 pages oJ’ whicJi thon'> 
dealing witli the structural units CH.,' f^H,C - C covtTabout seventy pages. 
This is out of yiroportion t(» the pages devotel lt)r all other important and charac- 
teristics grourrs. This may be (tonsidcred to he a defect. The topic of Quantita- 
tive Analysis has been given a fdace Imt however, some important topic's such as 
hydrogen bonding, solvent shifts' in solutions etc. have not been yuopc.rly dealt 
with. 

Though tli(*T(‘ is a special c-hapt(U* devided to different methods of docuuK'n- 
tation, ahstrac.ting and rehu’cnce servic(\ tlu* number of ndci'ences in the text 
is not largt*.. 

A novel feature- of this book is the cxanipk^s of spectra, many of which have 
[)een run on high resolution instruments, (jontained in a seyraratc^ packet. The 
many illustrations, charts, graplis and examples have imreasod tlui usefulness of 
the book. 

a. s, K. 
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MEAN AMPLITUDES OF VARIATION, BASTIANSEN- 
MORINO SHRINKAGE EFFECT AND MOLECULAR 
POLARIZABILITIES FOR THE DIHALIDES 
OF SOME GROUP IIA ELEMENTS 


G. NAGARAJAN 

Dbpabtment op Chemistry, University of Maryland, Collbok Park, 
Maryland, U.S.A. 

{Received May 19, 1965; Renubmitfed August 6, 1966) 

ABSTRACT. A brief survey of (ho vibrutiuiml and dimenBional Anttlysis is given for 
thfi gaaomifl diholidos of som.' group IIA olomenlH poHawwing o linour symmotrioal stmcturo 
with tho symnwttry point group D^.h- 'I’ho ImnHfonihiKty of vibrntioriul fronuoncioH among 
related molecules is discussed Meaii-squan' ampliliido i|imntitics, gonomlizod mean-square 
amplitudes (moan-square parallel amplitudes, mean-square perpendicular amplitudes and 
mean cross products) and mean amplitudes of vibration for the liondod as well as nonhonded 
atom pairs have been evaluated by the Cyvm method utili/.mg symmetry etsirdinates at the 
temperatures T = 500 K, T - lOOO' K and T 1500'K. 'I'ho values of Bastianmui-Mormo 
shrinkage effect have boon computed at those temiieraturos. Tho bond and molecular polan- 
aibilities have also been calculated by tho h.ppmcott-Stutman method employing the dolta- 
funetiou model of chcmicol binding. Tho calculated values of the molecular polarizalnht.ies 
aro in gowl agreement with tho aMiilablo experimental ones. 


INTRODUCTION 

The flihalides of group IIA olemonts were for many years euhjocted to several 
vibrational and structural investigatitms in deciding whether they have a lini>ar 
ctmeguration with the symmetry point group or a bent one with tlu- symmetry 
point group 0 ^. Houovor, tho recent investigations have very categorically 
confirmtxt that these metal dihalides possess only a symmetry and not a 
0,, one. It is aimed hero to evaluate the mean amplitudes ol vibration and 
Bastiansen-Morino shrinkage effect for these dilialides with help of the recent 
vibrational and struetural data by the Gyviu method (1059) at the teiuiwratures 
T 500°K T = ]0()a°K and T - 15<I0'’K with a view that the rc'sults of the 
preVnt investigation would be very helpful for the inh-rpretation of the results 
of electron diffraction studies. Lippineott and Stutman (1964) reeentty applml 
the delta-function potential model to the calculation of bond and molecular polari- 
.abiUties of various diatomic and polyatomic mold ules having their elements only 
from and beyond the IVA-group of the peiiodic table and their results ^ in 
good agreement with the dcpi^rimcntal ones obtainail from molar refractions, 
dielectric constants oto. through the well-known relations such as Langevin-, Debye 
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and J^>roiiiz-LortMitz tH|uati<>ri.s. Su(‘li a iiukIoI lias not been far appliod to mole- 
cules luiving their (dements from bcdow the IVA-grou}) and B-group of the periodic 
tabic. In tiic way of further t(‘sting the accuracy of tlie delta-function model of 
chemical binding, it is also airm^d here to calculate^ tlie bond and molecular polari- 
zafiiJitie.s fo-r tlu^ dihalides and compare the calculatol molecular polarizabilities 
with the availablt^ experimental values. 

VIBRATIONAL AND STRUOTUKAL ANALYSIS 

Hraune and Knocke Uregg et aJ {1R37) and Akishin pt af (IJ)57, 1958) 

c(mfirm(‘d from tludr (dectron diffraction stitdic'-s a lint^ar symmetiical structun^ 
for th(‘ dihalides of the second group ehmients. Warton pI al ( 1 %.*^) recently 
e.xplain(‘d by the dellection of beams of alkalim'-caii th halides l>y irdiomegeiK'ous 
obctric fields that barium halides, strontium fluoride, strontium chhuide and cal- 
ciuui flu )ride have permammt okrtric di]:)o]e moments, which impli('S that they 
do not hav(* a center of symmetry. No ])olarity \\as (ybserved for the highei 
nurnbers of calcium and strontium families. This ol)S(rvati(m is most naturally 
interpreted as implving a non-linear (Mpiilibriurn giMum try. Th(‘ gtuural trend 
found in tin*. alkaline-(‘artli dihalidi^s was that large metal atoms and small halo- 
g(Mis favoUr(Ml a rather bent configuration Later, Binddcu* et al (19f>4) rc-(‘xamined 
the d('flection of mass specdrojuetrically detected Ixams of the flu irides and chlo- 
rides of many metals and found that all wen' nonpolar oxc'ept (‘alcium flnorirh? 
thereby lending support to the results of earlier electron diffraction studu's (19311, 
1937, 1957, 1958) as well as vibrational and ek'cironic s]KH tral studies (19(54). 

The vibrational fivcpu'ncies, iiioU cadar sfnu'tun* and molecular w(uglit yield 
to the calculation of the vibrational, r<)tational and translational contributions to 
the fi'en*. energy functions of tlu' gasc-ous molecules. Whtrc'. sufficient vibrational 
data is unavailahU for a moleculai’ system, vibrational frcHpKmcies from relater] 
nudeeulcs having similar cdiemical bonds may he sub tituttxl, or th<' frecjuencies 
lacking may be evitimatt'd from force constant'- of related jnolecuk^s by (mploying 
a suitable potential em^rgy fum tioii. Tn eases of* simpk' triatomie molecules, 
the vibrational frtupiencies may well be (‘valuatcnl from tbt^ frccpiencies ob^ervcwl 
for related diatomic molecules by using a suitable valence for(*c model. The values 
of the free t'nergy functions thus calculated Hpoctic'Scopically may^ be compared 
with those of the experinu'utal ones. Several invc'stigators have successfully 
applied this method for many molecules and a detailed account has b('on given 
by Nagarajan (1964). Following this method and with helj) of the available 
spectroscopic data cited alx^ve (1964), Bn'W'er et al (1963) evaluated the unassigned 
fundamental frequencies for the diliaiides of bervllium, magnesium, calcium, 
strontium, barium, zinc, cadmium, mercury, titanium, vanadium, chromium, 
TriangRTiesc , iron, cobalt, nickel. co}>per. tin, and lead by the process of traiiFferring 
the characteristic frequencies, force eonsUints and internuclear distances from 
relat(d molecuk'S having similar chemical bonds, cahadatwl the free e nergy func- 
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tions and oompaml them Avith (‘xperiiiKMjtallv ohnerved. On the barin of 

the principle pK>stulated },y (\vvin (1959), the inean amplitudes nf vibration and 
Bastianac^n-Morino shrinkage effect were evaluatt»cl by Nagarajan (1954) for tluvse 
molecules except for tlie dihalides of ealciiun. strontium and barium by using the* 
vibrational and structural fiata described abov(* The fundanuuital frcquencicK 
in c.ni and internu.’lcar distances in A for tlie dihalidcs of calcium, strontium 
and barium arc. in ac(‘ordanco with the reccuit vibrational and stnu tural studies 
cited above, given in Table* T. 

MEAN AMPLITUDES OF VIPKATION 

A liiKuir syiiinietrical ti'iatoinic inolceiilc i - 1 ])OHS(*HBing the symmetry 
point grouf) gives l ist*, a<‘C(»rding U) tlu* r<*lcvaiit syruiu(*trv considerations and 
selection rules (I960), to hmr vibrational degree® of freedom constituting only 
thre(' fundam(*ntal h'(H|ii(‘ncies UTid(*r tin* various irnMlucibk* representations as 
follows ) 7Tu I S,,"* vlu*r(' tile g(*rado mode is llanian active only and symme- 
tric vith respect to the (^entiw (d symmetry while the* ungerade moch s are 
iufrariMl active only and asymmetru* vntli respect to the (‘enter of symmetry. The 
frecpieney v, corresponds to a totally symmetrical stretching mo(h* iind(‘r the 
symUicti’V' species f Vo to a Ixuiding iikkIc under the specic^s tTw ami to an 
asymmetrical Ktr(*tching mode under the spocies Tlu* vibrations coming 

under tlie species 2]^^ and are ncuuh'generate and parallel vibrations whik* 
tlie ri^maining under tlu* sjieeies n,^ is a doubly degenerate and perpendicular one. 

A schematic repn sentation oi* tlic normal modes of oseillatirm for a molecule 
of the present study has alr(*ady lu'i*!! given by Herzluwg (1966). 

Cyvin (1959) v\as, in the analysis ( f molecular vibrations, the lirst to intro- 
duce the syiumotry coordinafes int<> tlu* evaluation of mean-square amplitudes 
of vibration. On tlu* basis of tlu* principle p.istulatrMl by (Jyvin (1959), a theory 
for the d(*tt*rinination of nu*an-Sijuar(* am])litudes of vibration for a moleeule of 
flu* present study has already be(*n developed by (Vvin liimK(*lf (1959, I960) and 
applu^d to may moleeiiles. The sanu* method has b(*(*n ado])ted here and one may 
refer to (-win (1959 I960) for tlu* detailed t)uM>retiea1 considerations and calcula- 
tions, The se(uilar (upiations giving the normal frequencies in t(*rms of the mean- 
square amplitiuh* quantities vve^n* <*onstruet(*d witJi help of the fundamental fre- 
(puuieies and inteniue-loar distane(*-s in wav-o iiunibers and Angstrom uniU given 
in Table F and X and (/ matricu^s at the timqieratiires T - 50(rK. T lOOtf K 
and T — 1500"K for the dihalides of calcium, strontiiun and barium. Since all 
the experiments will be dom*- only at very high temperatures, tlu* secular equations 
w'are constructed Jien^ abov(' 500' K, Since tJu^ secular <»quatjon is, en account 
of the greater symmetry of the molecular system, singular under every symmetry 
species, the three fundamental frequencies arc well sufficient to evaluate the three 
vibrational constants, namely, Si,, Sgg and 2 ^ 3 . From those three symetrizeef 
mean-square amplitude matrices, the mean-ssquare amplitude quantities were 
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(•al(!ulato(l and tlioir values in are given in Table II for all the molecules 
studied at the tomperatun^s T — 5(K)°K, T — 1(K)0°K and T — 15(K)''K where <7^ 
IS the mean-square amplitu<h‘ quantity du<‘ to the bonded atom pair i-j Off the 
(|uantitv due to th(^ intera<*tion of the bonded atom pairs and the quantity 
due to the lu^nding of the molecule The generalized moan-square amplitude 
ipiantities (inean-s(puire })aralltd amplitiid(‘s . mean-square perpendicular 

amplitudes and <A;(/^> and mean cross products <i^xAy> , <A^yAz> 

and <AsA:^> are given in Table IFI in for the bonded as well as nonbonded 
atom pairs at th(‘ temperatures T - .^OO'^K. T - lOOO^K and T ~ 1500“K. The 
.‘orres ponding calculated values of the moan amplitudes of vibration in A arc 
given in Table IV at the three temperaiurts for the bonded and nonbonded 
distances. 

The moan-squarci amplitude of vibration (hw to the bending of the molecule 
is in general very much greater than that duc^ to the bonded atom pair and the 
t|uantity due to the interaction of the bonded atom pairs is nc'gligibly siuall in 
many (‘ases (see Table TI). By symmetry of the molecular system, the mean- 
square perpendicular amplitudes of vibration for the bonderl atom pair and the 
mean cross products for the bondc'd as well as nonbonded atom pairs become 
vanished. Hence the mean cross pr<Klucts are not listed in Table HI. 

Tlio moan amplitude of vibration for the nonbonded atom })air is in general 
greater than that of the bond(*d atom j)air for all the molecudes (see Table TV). 
This shows that larger tiu* distance between the atoms gre^ater will be th(' value 
for the mean amplitudes of vibration. Further, tlie mean ampUiude of vibration 
for the bonded as well as nonbond e/1 atom pairs are in the increasing order at 
any tempcTaturo toward the liigher mt^mlx^rs in the halogen series of tht^ elements 
studied. This evidently shows that tlie replacement of end atoms with atoms of 
higher atomic weight to the molecular system clauses a decrease in the fundamental 
frequencies (see Table T) and an increase in the mean amplitudes of vibration 
for the bonded and nonbonded distances. The situation is revtTsed in tlu^ castes 
of corresponding force constants Though the electnm diffraction studies wer(» 
made for all the molecules studied, the values of mean amplitudes of vibration 
were not reported sueli that a comi)arison could be made here. However, the 
results of the present invcstigati<m would be very useful for the interpretation of 
the results of electron diffra(*tion .studies when undortaktm again for these molecules. 

B A S T [ A N S K N - M O K 1 N O H H K I N K A 0 E E K P E OT 

The distance between the oxygen atoms in carbon dioxide observeni from 
tdectron diffratstion studies by Karle and Karle (1949) was not exactly twice the 
value for the carbon -oxygen distance but Jess. The apparent shortening or shrink- 
age of the longer distances in several linear chains of atoms was observed by 
Bastianson ef al (1956, 1969) and the effect was (ionfirmed as due to the out- 
of-linearity vibrations. A theory has been established by Morino (1960) for 
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this effect in tenns oi intramolecular motions using tht' generalized nu^n-s()uan' 
amplitudes (1955). The theory j« hasi^l on a- power series expansion for tlu^ 
shrinkage effects of linear as well as non-linear conformations as developed hv 
Morino ei nl (1902) and Oyvin (1901 1902). In the ease' of a linear conformation, 
the shrinkage is mainly du(‘ to tiie perpendicular displa -eim^ds of the nuclei and 
the anhannonic terms are cancelled. In the <*aso of a non-linear conformation, 
two kinds of shrinkages have been defined viz., the “natural" and “practical” 
shrinkages. They are sliowii to be. iflentical to the first ordcu* approximation 
(1961, 1962). Th(5 anharmoiiic* terms, in c'ontrast to the linear ^conformations, 
may not necessarily be <‘ancelled out in tlu^ non-linear conforjnations except for 
highly symmetrical niolecukis having no totally symmetrical Ixuiding modes in 
the ground electronic states Later, tlic name, **Bastiansen-Morino Blirinkage 
Kffect” has been intro- dueed on this aspecd by man^ investigators (1965) in 
their sp(M*tri>scopi(t ealeula- tions 

An analytical expression lor the mean valut‘ of an arbitrary internuclear 
distaiu'c obtaincfi from electron diffraction studies for an atom pair / j 
can simply be related to the e(piilibrinm distance^ in terms of tin* mean- 
sfjuare perpendicular amplitudes of vibration as follows . 

'• |-(l/2ri/)(<A.r,/> i 

wliere <A2:»j> is tlu‘ so-colled atihannoiiic term which will h(* vanishcjd when 
purely harmonic vibrations alone an^ considen^l. The Basti an s(‘n -Morino 
shrinkage effect for a !nole(‘ul<‘ of tlie present investigation is given by takng 
the ilifference. of r,/ minus tho sum of the individual bond lengths aii< I 

composing it . 


^ (n/ I rj 2r,« - 2- A,*', 

when* tile nieaii-H<|um'e properulicului anijilitiules <.f v'ibratioii and 

<A(/ij*> for tlie iioidiotuled atom paii t . i are v.uiisloxl by symim'try of the 
molecular syntem and the nican-.sqiian' ]>er{)endi(!n]ar amplitudes of vibration 
<Axij^> and <A.v,/> are identical for tho bonded atom ])air i j. The shrin- 
kage begins mainly with the second ordm- terms in the expression for tlic 
Baatianson-Morino shrinkage effect as tho linear t(frm eomplotely vanishes. 
Tho ealculation for tJie Baatiansen -Morino shrinkag* oftbet ncoda the values 
of the' moan-square prop<mdicular amplitudes of vibration and internuclear 
distances at tho equilibrium configuration. High precision valm^p of tho intesr- 
nucl€>ar distances at the equilibrium configuration are not require<l for such 
calculation. However, approximate values of the internuclear distances obtained 
fr.iTn other sources such as micrt)wavc, .t-ray diffraction or infrared absorption 
studies will quite be sufficient as the second order tonus an- only tin* eorrection 

terma. 
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Using th<* intcrnuclear distances in A given in Table I and the niean-square 
imrpendieular amplitudes nf vibration in A* given in Table III, the Bastianaen- 
Monno shrinkage (*fft‘cts at the temperatures T — 500''K T “ 1000®K and 
T -- wher(^ calculated and thcdr values in A are given in Table V for all 

the jnolecules studied Th(‘ shrinkage* effects, as in the cases of mean amplitude 
of \dhration, arc* in the increasing order toward the higher members of the halogen 
group of tin* calcium strontium and barium families. Though these values appear 
^inall in magnitudes, they are real. These are to bo added at the appropriate 
temperatures to those of the observed nonbonded distances from electron dif- 
fraction (‘xperiments in order to obtain the actual values at the* eeiuilihrium confi- 
guration, thereby compensating the apparent sheirtoning in the intcrnuclear 
distances. 


M O L 1^3 V L AW P () L A K 1 Z A B T h T T T K S 

In oreler te) test how far the* polarizability eundel he a useful CTiterion fe)r te'sting 
tlu' accuraety of wave functions adeipte'el, many investigations in recent years 
have h(‘en maele anel developed in several ways to compute the atomic anel mole- 
(Milar polarizabilities em the basis of quantum mechanical models for many mole- 
(‘uk^s anel ie)iis. Of the* various pot(*ntial moelels se) far eleveloped. the* most n^'ent 
eine is tiu* elelta-funetion peitential moelel initiateel hy Frost (11)54 ID55, 1955) 
anel deve'leqieel l>y Lippincott (1955 1957). Ree*ently. Lippincott anel Stntinan 
(1964) applied this semi-empirioal moelel to eleve*le)p a me*the>el of generating 
component pedarizabilities in oreler to ceunpute the* molecular e)r av(*rage polari- 
zahilitie^s. This model gm‘s explicit expre^ssiens for the paralle*! anel ])erpeneli- 
inlar e^e)ni])e)nents anel nie*an pe)larizahilitii*s fe)r eliatomic as well as pejyateunic 
moleculevs having their eU*imnts only from anel >)(*yond the’ IVA-group of the* 
p(‘rie)elir* table. The moIe*cular judarizahility is e‘()mpe)S(Hl mainly of the he)nel 
])aralle*l e*omponents obtainable^ from mol(»cular elelta-functiem me)elel anel bond per- 
jxnelicular ceuuponents obtainable from the atomie* elelta-funetion polarizabilities. 
The polarizability contributieins from the benel r(*gie)n electrons and theise freuu 
the n()nbe>nd region electrons havc^ be*en clearly elistinguisiieel. Jn adelition, 
ceirn etions tei the parallel and perpenelicular eompements are maele to compensate 
for ]>olaritv effeuds. The same method has been aelopted for the elihalieies of beiyl- 
lium, magnesium, ealcium strontium and barium te> (*e)mpute the bonel anel 
medecular polarizabilities and one may reder to Lippincott anel Stutman (1964) 
for the eletailoel theoretical cemsieleratjeuis anel cemiputatieins. 

The elclta-functiem strengths A’s in atomic units, atomic polarizabiliti(*s a’s 
sin 10 and r/s in atomic units were, according to Lippincott anel Dayhoff 

(I960) and Lippincott anel 8tutman (1964). derived and their values are given 
as follows : 0.538. - 0.414, Aca = <)-337, A.^^ -= 0.319, Abu -= 0.289, 

Ap - J.065, Aai - 0.753, A^, - 0.633, Aj - 0.584, ase =- 38.02, cc^g - 83.70, 
(Xpa = 154.76. = 182.42, == 245.84, = 4.90, = 13.88 = 1941, 
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Xi = 29.72, c^e -= Car, - l «c-» --- = 1.427. Cj,. - 5.685, Coi 

— 4.8S, Cjif. — 4.737 and Cj ^ 4.88t) From the electron diffractjoii studiiw 
by Akishin et al (1957. 1958), the following values of the intmiuclear distances 
in k wero used here for th(‘ dihalides of hervlliuni and niagiu'snim 1.4iMbr 
Be-F, 1.75 for Be- 01, 1.91 for Be-Br L>.i(>forBe 1,1.77 for Mg F 2.ISfor 
Mg — (3, 2.34 for Mg 'Br2.52 for Mg- 1. Th(‘ inttTnueloar distances Ibr other 
(lihalides were used from Table I. 

TAB1.E 1 

Fundamental frequencuis in cni’^ and iriternuckw' distances in A for the 
dihalides of some grouj) IIA elements. 


Moieculo 




* 1 

( trt Fj 

4S4 

a.i 

0771 

2.10 

CiiCL 

'2(\H 


440 

2. .11 

ViiMvj 

104 

!:» 

307 

2 . 07 

( 'jll O 

1 IS 

4.1 

32 1 

2 . SS 

SiK, 

1.14 

77 

.113 

2.20 

S|'( 'I 2 


4S 

.342 

2 07 

Srin-J 

1.10 

:17 

202 

2 82 

Sri 2 

1 1 1 

:u 

210 

3 03 

HuF, 

4;m 

70 

100 

2.32 

I{u(*l2 

IMS 

1:1 

302 

2 82 

HaHi'... 

1.14 


220 

2 !»0 

HttU 

Km 

20 

ISI 

3 20 

TABLE If 

Mean-S(|uai'o ainplitudi* ijuantitios in for the dihalid(‘s of some 

grou]) IIA cJenionts. 


S\ lubol 

Mmvn-HfjeHrr 

'r .100 K 

iimplitu.li' (jtmiilily 

'1' 1(1(10 K ’1’ l.'.00'’K 


(Tr 

0 0032170 

0 0<hir)4.13 

0 0081042 

(ViK. 

<irr 

— 0 0001030 

-0 0000030 

0 000081.1 


off 

0 2010024 

0 .120K30S 

0 7280038 


(TV 

0 00.10031 

0 000400.1 

0 0130070 

CaCJj 

01 r 

0 000224.1 

-0 0000441 

0 0002704 
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TABLE II (conld.) 


AToIlviiK* 

SyirWiol 

Mciin-sfjuaro 

amplitude (piantity 



500 K 

T 1000 K 

T 1500 K 



0 4«ri«l79 

0 9414014 

1 3941088 



0 0050 sr>o 

0 0110253 

0 0101107 

CuMrj 

rsrr 

0 0002223 

0 0002519 

0 0000071 


ir„ 

0 r>47r»o«o 

1 0125188 

1 .0809917 



0 006H72J 

0 0137009 

0 0207138 

(ftl. 


-0. 000 1 852 

0. 0003382 

0,0003271 


i/„ 

0 7220042 

1 4438000 

1 9489571 


a/ 

0 003504S 

0 0004017 

0 0091210 

SrK, 


0 OOOOK52 

O 0001020 

0 0000929 


<r, 

0 30 1 0400 

0 0004990 

0 9588259 



0 0054 1 42 

0 0103934 

0 0157082 

Sri 1 . 

»r, 

0 0001240 

0 0001210 

-0.0000900 


fi„ 

0 5 J 30000 

1 0043110 

1.3740590 



0 0002587 

0.0122298 

0.0179449 

Srl^r j 

<Tfr 

- 0 00001 15 

0 0001104 

0 0003621 


cr„ 

0 0447195 

1 1512319 

1 .0100553 



0 0075913 

0 0151840 

0.0233596 

>SrJ . 

*^/V 

-0 0000045 

-0 0001895 

0 . 0000004 


<r ,, 

O 7080537 

1 5300728 

2.3382931 


(Tr 

0 0030807 

0 0000710 

0.0097318 

na\\ 


0 0000500 

0 0000543 

0.0000310 


IT,, 

0.3247980 

0.0479921 

0 9445528 


O'r 

0 . 0050930 

0.0108984 

0 0103300 


iTrr 

0 0001 384 

-0.0001298 

■0.0002725 


cr„ 

0. 55908 IS 

J. 1183238 

1.0772341 


Or 

0 0003352 

0.0120190 

0 0190220 


&rr 

- O.OOOOOOS 

-0 0001132 

0 0005841 



0.0424220 

1.2841889 

2.1401817 


Or 

0 0078850 

0 0155887 

0.0236661 

B«I, 

iJrr 

-0.0002018 

-0.0003191 

0.0007444 



0.8977888 

] .4555268 

2.4742629 



TABLE III 

Generalized mean-square amplitude quantities in A* for the dihalides of some group IIA elements, 
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TABLE IV 

Mean amplitudes of vibration in A for the dihalides of some 
group ITA elements. 


Mf»un ampHtutlo of vibmtioji 

Molecule DiHtHucc — - — - — — 

T 50(1 K T =r 1000“K T ir>(KrK 


CaFa 

OaCla 

CaBr.. 

Calj 

RrFo 

SrClj 

SrBi's 

Hrl> 

BaFj 

BaOlo 

BaBro 


Ca-F 
F F 
C^a-CI 
C\~~C\ 

Oa-Br 
Br Br 
(Si-l 
I— T 
Sr-F 
F F 
Rr-ri 

Sr-Br 
Hr- - Br 
Rr-1 

r— 1 

Ba-F 
F~F 
Ba-ri 
Cl— Cl 

Ba-Br 
Br — Br 
Ba-T 
I— T 


0.0567 
0 0802 
0.0707 
O 1000 

0 0754 
0 1066 
0 0820 
0 1172 
0 0502 
0 0834 
O 0736 
0 1041 
0 0701 
O 1110 
0 0872 
(> 1232 
O 0607 
O 0858 
0.0755 
0.1068 
0 0796 
0 1126 
0.0888 
0.1256 


0 0745 
0 1052 
0 0974 
O 1378 

0.1051 
0 1485 
O I 173 
0,1650 
0 0804 
0 1137 
0 1020 
0 1442 
0 1106 
0 1564 
O 12.32 
O 1743 
0 0817 
0 1155 
0 1044 
0 1477 
0.1124 
0 1567 
0.1248 
0.1766 


0.0005 
0.1280 
0 1183 
O 1673 

0.1270 

0. 1705 

0.1430 

0.2035 

0.0955 

0.1351 

0.1256 

0. 1776 

0.1340 

0. 1894 

0.1529 

0.2162 

0.0987 

0.1395 

0.1277 

0.1807 

0.1379 

0.1051 

0.1538 

0.2176 


Bala 
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TABLE V 

Bastianaen-Moiino shrinkage effect in A for the dihalides of some 
group II A elements. 


B<istmnsoii‘Morino shrJnkago ofFoct 


M()l(}fule 

T TiOO'^K 

T - lOOO^K 

T ISOO'^K 

CaKo 

0 06231 

0. 12401 

0.17348 

OaClo 

0.092KO 

0.18754 

0.27771 

( 

0,10254 

0 18961 

0.31592 

Ortl., 

0. 12545 

0.25067 

0.33836 

SrKo 

0.06K56 

0.13784 

0.21792 

SKJlj 

0.09607 

0.18807 

0.25743 


0.11431 

0.20412 

0.28559 

SrT, 

0.126St 

X 

4.C 

C 

0.38586 

BiiFo 

0.06999 

0.13965 

0.20357 

BaOlo 

0.09923 

0.19828 

0.29738 

BuBro 

0 10743 

0.21475 

0.35789 

BaTo 

0.14028 

0.22743 

0.38660 


TABLE VI 

Observed and calculated polarizabilities in l(>“-2r> dihalides 

of soino group TTA el(*nients 


Molofiilo 


2:2ai 



Ojtf(obHd) 

BoF. 

5.833 

42.455 

8.400 

18.896 

16.167 

HuCl.. 

31 .907 

99.373 

23.794 

51.691 


BoBr. 

47 450 

130 472 

33.274 

70 399 


HoTo 

78 487 

185.917 

r.0.949 

105.118 


MpF-> 

8 834 

49 218 

8 . 400 

22.151 

18.426 

\TkC1.j 

50 409 

113 278 

23 794 

62 494 

53 851 

\f>?Br.» 

76.794 

147.732 

33.274 

85.933 


MkI-. 

1 OO 0*1*^ 

210.336 

50 . 949 

128.069 


CtiY . 

11 746 

56.647 

H 400 

25.598 

24 964 

CdCl, 

69 922 

127 768 

23.794 

73.828 


CtiBr.. 

99 921 

165 147 

33.274 

99.447 


Oa.I.» 

164.632 

233 . 893 

50.949 

149.825 


SrFo 

14 019 

61.676 

8.400 

28.032 

30.195 

SrCU 

81.456 

136 503 

23.794 

80.584 

70.126 

8rBr^ 

121 .547 

175.097 

33.274 

109.973 


Sri, * 

197.356 

246.187 

50.949 

164.831 


BaFa 

19 991 

65.089 

8.400 

31.160 

38.516 

Bad, 

93 753 

143 212 

23.794 

86.919 

79.806 

BaBr", 

132.460 

183 194 

33.274 

116.309 


Bala 

216.809 

257 . 234 

50.949 

174.664 
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Tho molecular polarizability is eompoeecl of mainly from bond parallel and 
bond perpendicular components. The bond parallel component is obtained from 
the contributions of two sources, namely, bond region electrons and non bond 
region electrons according t^> the valence bond interpri^tation. The contribution 
to the parallel eomponent by the bond region cU*ctruns is calculated using a lincaT 
combination of atomic delta -function wave fuiutions representing the twu nuclei 
involved in the hoiul from the following expression given as a||^ 4nAy^([|a^^) 

whole n is the bond order, ^4^2 the nK)t mean-stjuare di'lta function 
strength of the tw^o nuclei involved in the bond, ^lie radius of the first Bolir 
orbit of atomic hydrogen and the mean-squan*, position of a bonding (4e(*- 

tron w4iioh may ho oxprossofl as<u;2> where B is tlu^ intcr- 

nuelear distam t^ at the. (equilibrium configuration. In the case that tlie bond is 
of the heteronucloar tyju'. a polarity correction is n('.c(‘ssary to pitwliice t]u‘ ionic 
ciiaracter holhwed to t'xist and then the expression for the ]»arall(4 com})orient of 
the polarizability is wTitten as a\\p ^ a\\,,a where a ^ exp [ -(l/4)(Xj -X 2 )=^l. 
Her(‘ is Pauling s el(‘(*tron(‘gatjvity (10(50). The <‘aleidated valines of the sum 
of the bond paralh*! components. in by tiu' bond region 

('h'ctron for all tlic> moh’culci^ are given under the sc'cond column of Tiibh? \T. The 
contribution to the parallel ('omponent by th(‘ nonhond r(‘gion ehM'trons is eal- 
eulated from the expression a||„ -- fjCij where is tlu^ fraction of ch^ctrons in th<' 
valence slu'll of tlu‘ j-th atom not involved in bonding and «; th(‘ atomic polari- 
zability of the j-th atom obtainabh' from the delta-funetion stnuigth A^, Tn a 
inolocuh^ of the present study, the vahuice electrons of the central atom an' com- 
pletely shared in homling while' there are six valence (doetrons arc^ hd’t unshared 
on each end atom, Tire (;aleulate(l values of the sum of the hoiid jmralhd coinyio- 
nents, San,, ‘t* by the* nonbond region electrons for all the moleculciS 

an* given under tlu* fourth column of Table* VI Thus the*, contributions liy the 
bond n^gion edectrons- as wedl as nonboiid region ele*e;troris to the^ ]>ara11(*l compo- 
nent of the polarizahility are (Nearly distinguished 

The perj)(*ndicular component of a di<atomi( molet ule is assumewl to he* tire 
sum of the two atomic polarizahilitie^s, i.e^. a^ ~ for a nonpolar diatomic, 
moleoule./ig - a nudconle A ~ B wh(*r(* X stands 

for the edeetronegativity on the Pauling scales and a for the atomic jiolai izability 
Extending this principle, the sum of the pei'pe.ndicular compoiuMils of all the bonds 
in a p(dyatoniic molt*cule is given as 112aj. -- aj/ (^X/oc^)l(XtX/) where* ri,ff is tlu*, 
number of residual atomic, polarizability degrees of freeulom and the other eptari- 
titit*s are known. The number of residual atomic polarizability de*gr(*os of freedom 
is obtained diree^tly from the structure of a molecule, Eve^ry isolated atom is 
allowed to possess three atomic polarizability degrees of freedom, and every bond 
whic'h is formed between two atoms removes two of three degree of freedom, 
with the (^xception that (1) if tw^o bond are formed from the same atom and exist 
in a linear configuration, then only three atomic polarizability degrees of freedom 
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are lost, and (2) if three horidH are formed from the same atom and exist in a plane, 
then only five atomic polarizability <logrees of freedom are lost. Extending this 
principle, a linear rnoloeide of tlie ])rosont study has only six residual atomic 
polarizability d(>greea of freedom (see Fig. I). The calculated values of the sum 
of tilt" jierpeiulieular fonijionents. S2ax hi 10 ^5 fop all the molecules are 
given iindtM* the third eohimn of Table VT 



Kjj^. 1. lloHulurtl iitomit* piiltirizubility dogret^a of froodom tor a linear Kyminotncal triatomic 

moloeule. 

The average or mean molecular polarizability is oblaintul from the following 
expression - (i/.‘l)(Sai{^, ! Han,, ! ^2otj. ) Tht* (alcidatt'd values of the mole- 

cular polarizabilities in I0 “2*»(‘m‘* for all the mt)1eeul(‘s are given iindt'r the fifth 
column of Table VT. The expiuimeiital \aliit‘s of molar rtifraeiJons given by 
Batsanov (1001) for some of the moleenles of pix^sent study wt^re substitutetl 
into the Lorentz-Lorentz equation to obtain tlie moleculaT ptdarizabilities and 
their valut*s in are givtm under the sixth eolinnn of Tabli‘ \T. It is seen 

what tlie eal(ai]at(‘d moh t.ular polarizabilities are in good agreemidit with the avail- 
able oxpt^rimental valiu‘s Thus the prestmt invt‘stigation further t(‘stifics tliat tlu' 
delta-fum tion potential model enables us to evaluate the bond and moli^cular 
polarizabilities not only f(n' non-metals but also for nu‘tals, tliereby t*stablisbes 
that it is the most satisfactory one among the various modids s{) far developed. 

Tn considering various potential models so far developiid, they have been ver\' 
limited to atoms, ions and simple fliatomie systems but not b(H*n extended to even 
simple polyatomic* nioleeiilc'.s and may be obscTvcMl from tbe^ follcAving: Hasse 
(1930, 1931) (evaluated the polarizabilities for tlie helium atom and lithium ion by 
using the Lennard- Jones 6-12 potential model involving several types of ground 
state as well as perturbed state w^ave functions in terms of the perturbing poten- 
tial. Hirschfelder (1935) computed the polarizabilities of molecular hydrogen 
and the diatomic hydrogen ion hy applying the variational method of Hylleraas 
(1930) and Hasso (1930, 1931) upon the eigenfunctions proposed hy Rosen (1931) 
and Wang (1928). It was found that the Kirkwood (1932) formula was appli- 
cable to the diatomic hydrogen ion and polarizabilities were obtained for may 
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internuclear separations by using the eigenfunction developed by Guillemin and 
Zener (1929). The ealculatcul valiu's bv Hirsclifelder (1935) vei’e eoiiipai'<‘d 
those of Mrowka (1932) and Ste(MislH>lt (1935) but they ar(‘ lud in good agretuiu'nt 
with each other. Van Vl(‘c.k (1932) and Atariasoff ( 1939) pointed out from th('ir 
investigations that the- Hylleraas metluKl ( I93(J) is not strictly applnabJi* to ap]m)xi- 
niato eigoiif unctions and may yi(')d results eitlu^r too small or too large. The 
approach of Buckingham (1937) based on tlie Kirkwood’s variational metliod 
(1932) and involvu’d lieavier atoms l(‘a.d.s to complex di'tcrminimtal self-consisti^nt 
field wave functions from his calculations of alomii' in>larizabililics h>r Nc, Na<, 
Cl"', A, K*^, Kr and Cs^ Bell and Long (1950) palculated the jadarizabilitJcs of 
^^ 2 + and Hg nioleeulos from six different uniierturbed wave functions but the results 
are not sensitive to the wave functions adopted, especially for the unperturbed 
molecules. Abbott and Bolton (1952 1953) studiert and No moU'ciiles and 

used the, polarizability as a criterion for determining the molcculai wave function 
of a system by a self-consistent field method Kolker and Karpins ( 1903) calculated 
the elciitric polarizability tensor a with ah initio" wave functions fora serk's 
of first nuv diatomic molecnh’s such as Ho. 1^2 KiK and CU) Sim t* 

th(\se methods havi* not bc'tm (wtmnled to polyalomn* moli-cules sin li cfilculations 
have not been carricMl out hen* t-o mak(‘ a comparison with tla' ri’siilts of delta- 
function ])otential modi*! and tin* expm’imental values On studv ing all the potimtial 
modeds so far dt'volopcd tlu* delta-function potential provides tlu^ feasibiht\ of 
obtaining explicit experssion Ibr th<‘ parallel and f)erpt‘ndi('ular ('om]>on(‘nts 
and th(* mean pi>Iarizabiliti(‘s foi the diatomic as widi as [lolya-tono’c systems 
Th(* sum of th(^ ])<*rp<'ndicidar ('omyionents of all the bonds in a imdiMade Z2ax 
IS a linccar (onibination of atomic polarizabilities and is indepi^ndimt of the intiT- 
niiclear distance wlu‘,rcas th(‘ bond yiaralkd comyionent is'di^pimdent mi tht^ intcr- 
nucloar distance. Hence the piTpendicnlar component will always be transfer- 
able from (Uie molecular system to anotlu'r having similar cbimiical bonds irres- 
pective of the accuracy in the values of tln‘ intermiclear distames in both systems 
but sneb a transfiT in the ease of parallel eomponeiil would be yiossible only wlum 
the internuelear distames are nearly identical in the two systems (ainsidiTiul 
Sinee the nonbond region ek'etrons also lontribute to tin* parallel comjioneni 
such a transfer would be possible for the bods formed by tin* atoms with identical 
lone pairs of eleetrons From tin* pKwioiisinveKiigationsas well as with the pn‘sent 
one it is fell- that tlie (lelta-fuiK'tion pot(*ntial modi*] is a very satisfactory om; for 
such calculations of bond and molecular polarizabilitii.s and a further work on 
this aspret for various polyatomic molecnhs having their elements from the 
B-group is in progn*ss 
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AN X-RAY STUDY OF COIR FIBRE 
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ABSTRACT. Tho changes in spiral angle, Hermans* average angle of orientation and 
crystallinity with extension of coir fibre have been studied by X-ray diffru-ction method. It 
is found that the spiral angle and the angle of oriontatioii de(‘rease with extension and the 
two angles differ more in the extended state than in the unoxtond('d state and that the crys* 
tallinity iricroases by about 3% after extimsion to ni])turo. 

I N T H O D V C T I O N 

Ooir is the fibrt* obtainod from cocuiiiit husk. J-ligli <‘xtoi)‘‘il)ility (about 
high lignin (‘ontont of tiu' lihri^ distingiiisli it from other eollu- 

losie film's. The spiral struelure of tiv inierofihrils in tJv' st'condary wail of ilii' 
fihivhasheen'3tu(lie(l by AdJairv (Hl4:i) ami Preston (Ifir):?) whih' Sit'rn ami Stout 
(I9f)4) iriml to ndah^ the sjiiral angk‘ with ih'riiuurs oric'ntaiion angfis Sh*rn 
(1957) has shown tJiat Jiigh ext(‘nsihi]ity of eoir fibrt' i.-^ (;hi(‘fly ht'^'ause the rniero- 
fibrils in the eellwalJ lit^ in pt'rfet't bt'lieal spirals exUaision of tbt' fibrt' bt'ing related 
with the ehanges tif tlie spiral a-ngle, that is, the angle which a inierofiliril elenuMit 
makes witli the fibrt' axis. He did not Imwi'ver t'xaiuine the ehangt's in erystnl- 
linitv t>f the tibrt' although Iit^ not.ieed that ahtmt 4% of tht' t'xtension rt'uiains 
as perniant'ni even tliough the extondt'd fibre h drastically trt'att'd. Tht' tibjt'et 
f)f this work is to study hoA\ far the latt'ral ordt'r of tu^llulose t*hains in tlie fibre 
is affeett'tl by extensitm. TJie iiaturt'. of ehangt' in tht' sjiiral angle as wt'll as the 
angle of orientation has also been t xandiietl. 

E X I’ E K I M E N T A L 

111 the first series td’ t'Xperimtmts eaeh imlividual fibre was t'xtemled tti the 
maxiiinmi limit (ahtmt 80-4%) by loading it gradually on a jiendulimi type fibre 
strength tester till it broke in about a minute. The (‘xtended portions of all tht* 
fibres were tlioii first examined for spiral angle and the anglt' of orituitation 
ill the ftirm of parallel buntlles and then eiil to pieces for preparing nintlomisod 
pi^Uet for measurement of (^^yHtallinity. In each jase unexiended fibres w^ert' 
similarly examined under X-rays. 
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In another series of experiments the behaviour of the fibres at extension below 
maximum w^as checJied. A bundle of coir fibre was carefully mounted on a pair 
of fibre clamps so that all the*, fibres were apparently straight. The clamps were 
mount(‘d on a pendulum type cloth strength tester and load was gradually in- 
<;reaKed; the movenu‘nt of th(^ clamps was arrest<^d after a desired amount of ex- 
tension, left for 48 hours and then released, immediate relaxation being measured. 
It w'as found that th(^ fibres retained about 80% extension. These fibres were 
then used for crystallinity measurement. 

Spiral angle and angle of orienlation : A parallel fibre bundle was kept just 
taut by means of a clam]) ifi front of a eollirnator of 2 mm. diameter and 5 em. 
length through which Ni -filtered CiiK^ radiation was allowed to pass from a Philips 
sealed A-ray tube and fibre to film distaiu e was 5 em. An exposure of 3 hrs. 
with 25 KV. and 15 niA, was used. Tiie exposure time, development technique 
et"-. were kept as constant as possible for all the photographs. 

Following H(^rmaiis (194C) c/ and Meredith (1951) a series of microphoto- 
nutter curves for (002) intertenmees were recorded starting from the equatorial lines 
of the diffraction photographs and proceeding along radial lines at angular 
intervals of 5 Since the films wore of low photographic density it w'as assumed 
tJiat the X-ray intensity was proportional to tlie blackeuiing and was tlius linearly 
relaU»d to tlie logarithm of the intonsity of the transmitted light, or of the ph()to- 
iiK'ter reading, since tlie (calibration was linc'ar over tlu' range of measurement. 

Crgstallinifg : As coir shows a (considerably high value of ext(msibility it 
was expeetcnl that extension in (oir would draw tlu’ chain molecuh^s into })arallelism 
and may inerease the crystallinity. In finding the (aystallinity the orientation 
effects w'eri' oliminated liy a randomised pre])aration of th(^ fibres forming pellets 
with a very small quantity of adJiesive. Tlu^ pellet w'as then introducjod into a 
mould, a hole of Jinni. diame.bT drilled in a bras- plate 1 cm. thick. The other 
end of the hole was temporarily (closed by a screw eil plaU^ A constant pressure W'as 
exert(xl on the pellet w^ith a stt'cl piston having a fiat end just fitting the hole. 
The pellet was then taken out of tin* hole from the other end after unscrewing the 
plate. Th(‘. density of the j)eliots w^as kept fairly constant by using weighed 
amounts of fibre in each cas(c. The pellet v^ as them mounted in the (camera for 
X-ray photographs, which \veje taken undt*r similar conditions. 

RESULTS AND DISCUSSION 

Figs. I and 2 are the ty])ical X-ray photographs for parallel bundles and ran- 
domised pc'llets respectively, (a) and (b) indicating unextonded and extended 
fibres. ' 

The widely drawn out interference arcs of Fig 1 (a, b) with two maxima on 
eith(*r side of the equator are the special features of the photographs of fibres with 
spirally laid microfibrils. X-ray intensity w^hen plotted against the angular 
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distance from equator gave graphs as shown in Pig. 3(a, b); flalf of the angular 
soperation between the maxima was taken as the vertical spiral angle. 




Fig. 2(a) 

Fig. 2(a) Uaextended, (6) Extended. - 
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Fig. 2(b) X-ray photograxih of ratidomlsod pollot ; 



Fig. 3(b) 

(a) Unextended, (ft) Extended. 



Fig. 3(a. b) Intensity distribution along (002) arc of X-ray, photographs of parallel fibres 
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b’ijr. 4(ii,h) Jiathal intensity (hstnlnition t>l X-ray plioloKniphs of roumlomiKitiil tibren (n) 
l^noxteTKlnil (fi) Kxtendoti 

Taking the intensity /(a) ot'((M)2) are inr differtMtt values nf angle(a) from tlie 
equator from Fig. 3, the- Hermans avtu^agi^ angle of orientation has Inion ealeu- 
latod from the e(juation 

/ J(a) fein^a cos a doc 
0 

sin^ Ufft — 2 - - 

7r/2 

/ 1(a) cos a da 
0 

Tlu^ integrals W(‘re <?va.luaterl gra])hi(;ally using a planimeter to meiasurt‘ 
the areas under the curves sin -a eos a Vs. a and eosa Vs. a . The values 
are given in Table I 

TABLli: I 

Avnragf) Anglo of 

Sample Spiral Anglo (S) orientation {ttm) f 



IJnoxtonUod 

(U) 

Exientiod 

(E) 

ITnoxtfindod 

(U) 

Extondod 

(E) 

V 

E 

1 

46°0' 

SO^O' 

46^48' 


27.4% 

30.3% 

2 

45‘’0' 


46°0' 

3«°0^ 

33.0% 

30.3% 


In Fig. 2, as a result of randomisation the contributions of the crystalline 
regions have been uniformly distributed over 360*^ giving rings of uniform intensity 
in place of the double humped arcs of Fig. 1. These photographs were radially 
scanned at intervals of 90° and a typical average intensity curve is shown in Pig. 4. 
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Considering tlie height /002 of the peak of (002) reflection above the back- 
giound as the contribution of the crystaUinc regions and I am, the height of the 
miriiniuni between the (002) and the composite (101 and lOl) peaks as the eontri- 
l)ution of the amorphous portion, th(^ following (equation has been taken as:the 
crystallinity index, CrT, aft(T 8i*gal e/ al, (1959) and Ingersoil (1946) 


(VI 


Jim- Ian, 

m2 


< JOO 


The valiKvs of crystallinity index for tlu' first stuies are giv(‘n in Table 1 and 
tliosc^ of K(‘cond series in Table TI. ICaeh figure is based on obstirvations on at 
least two p(‘ll('ts tln^ diff(a*enee betsv('en dnplh ates being on an av'orage 1%. 

Althougii, by condition of experiment, only part of the strain was retained 
in the fibre during X-ray examination, results in Table I clearly indicate that tlu' 
(‘xbmsion of tlu^ fibre reduces the spiral angle (S), as observed by Stem (1957) tlu^ 
av(Tage angle? (a^) of orientation is also reduced but to a mueli smaller extent so 
as to increase the difference? (ol^ — S) from J" in the une‘xtend(?d state to 7^ in 
the extended state. Since the spirality is reduced, this change in the (a^— ^Sf) 
may at first ax)pemr to be? due to incre?ased disx>crsion of crystallites wtliiii the mi(To- 
fibrils but Fig. H sho^ws that the fibre ehmgatiem reduce?s the extent of the tail 

e?nd8 beyond the maximum points anel M 2 , that is, the va ue of 

fremi 45° to 41° inelieatiug ae-eordiug to Sisson (1985) reMluecMl de\s]){U'ion e)f the 
eTV8tallite‘S within a niierofibril or th(‘ mierofibrils within a bundle of such. A(‘tua.lly, 
he)we've'r, this dex>emdtMl on the m(*tliod of calculating a^. because in F'ig. 3 wheni 
the ele>tted eurve?s abemt the me?aii x>e>sitions and rex)re^enting half of tfie? 
distribution of (?r y stall ite'S arc considc'renl it will lx? found that in obtaining a 
value of Ufn fer tlu' left liaiid x)ositioii Oilf, the tail end ()B^ hf?youd 9 ((npiator) 
was n'jeeUxl while on the l(?fi .sich* of tlu* e([iiatior was taken into account 
this enhanced the value of as J/, and Tlfo come closer Moreover, the micro- 
fibrils near the edge of the sxural being not mu(?h ineliuod to the. fibn^ axis also 
(*on tribute towards increasing the value of arm 

As regards crystallinity, Table I sIjows that the Crl of extt?nded fibres 
was about H% more than tliat of the unextendod fibres for both samples. This 
may be explained if it is sux^posed that breaking extension not only reduces the 
angle which the mierofibrils make with the fibre axis and the disperision amongst 
the existing crystalTltog within the mierofibrils but also produces somewhat bolter 
alignment amongst the long chain molecules within the microfibrills and better 
planer regularity so as to asstune a better lateral order, that to increase crys- 
tallinity. This is further verified when it is found from Table II that extension 
upto 10% do not produce any observable change in crystallinity index, the 
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Table II 

Sample 3 


PjXtension 

Cr. I 

0% 


10% 

18% . 

20^ 

21% 

Break 

21.8% 


the cloacnes^s of packing of ilu^ molin-ules biding probably not suffiri(*ni to prodnee 
a permanent change in lateral order. On furttu^r extension ho\^•orv('r, CrT gradually 
increases, till at break the difference reaching tlie maximum valiu' of 3.S% wliicfli 
ia nearly the same as obtained fur the previous series. Such incre^isi* in crystal- 
linity on stretching has also been reported by M.Euck-J^'lorjancic {19GPj eJ aL in 
case of regenerated fibres. * 

Thes(^ results thus provAded an explanation for retention of about 4% 
even after drastic treatment as obtained by Stem and also for the properties 
introduced in the fibre liy prectondiiioning und(T stress 
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FINITE SPHERICAL INHOMOGENEITIES IN 
CONCENTRIC SHELLS 

H. 1). BHARGAVA and D. PANDE 
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ABSTRACT Jik'Iusiou .uui inliomogoiK'ity j)i‘obloms in intinitosirnal elasticity have 
stiuiiod by \ancjuM authors, but ])robloms in finite dust icil y Imvc no tboon iittcmpiod 
MO far, Tlie pivsout paper is (‘oncerned witli spherical inhomogtineitios when the elastic 
deformation is hirge. The siiells considered are isolrojiic* and in(*ompi‘essible. Tho problem 
lias been solved for two shells and later generalised for n shells embedded, within each other. 
Furthoi', the outermost and th(^ innor-most boundaries of tlie system ha\^o boon subjected 
lo luiiform nonnal pressures. It will be observed that the final equation detenmining the 
parameter giving the equilibrium boundary has irrational roots and could be solved rium(u‘ically 
or graphically. Hectnise of the complete symmetry with re.Mpect to t\ the (dastic field Avould 

1)0 function of r only If H' be the elastic potential density ut r, U tlie complete clastic poten- 

tial r, end th(> stress comjxments then 

R2 

U J iirR'iW(R)dR. 

Ri 

-VlBr'-rOll -J ll(fl2»-r,»)ir: -- C| .. (1) 

7H/ .. (2) 

Equation (J) is a very important i*elation betwetui boundary pnissuros, boiunlary displace- 
ments and the predetennined stniln*cin‘rg;v of the body Equat ion (2) gives the stress fitdd 
('vorywh('rc For derivation of these ecjuations etc., please refer to [3]. 

S r H E H 1 (! A h 1 N C L V S I () N 

Two i^helh vafie 

Let a homogeneous, isotropic sjiliorical shell made of incompressible material 
with its outer and inner radii ai(l-i-S),S being finite, and rospoctivoly bo 
embedded into another similar shell of a different incompressible material with 
outer and inner radii and respectively. The fonuei shell will be called 
‘inclusion’ and the latter ‘matrix’. Further, lot the outer boundary of tho matrix 
b(^ subjected to a uniform normal pressure and the inner boundary of tlu‘ 
iniJusion be subjected to a similar pressure p,* in the equilibrium position, ft is 
further assumed that no relative slipping takes place between the two sliells. 
Due to misfit both the shells will be stressed. Lot r bo the inner radius of tho 
inclusiofi and R the outer i‘adius of matrix in the strained state, similarly 

m 
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let a 2 (lH-e), e finite, he the radius of the eoimiion interface. Let p be the 
presSTire at the e(iijilihriiini boundar.y Let U, respectively be the elastic 
potential per unit volume and tlu‘ total elastic* jiotc^ntial of tbe^ inclusion iii the 
undeformed state and TJ „ . the* corresponding, (juantitic^s in the case of 
the matrix. 

From (1), for the inclusion we have 

- Cf f 3 .. (3) 

The inc'ompiessibility condition ^ivos 

~ uy {\ ^ ... (4) 

Hence troni c^pjaticuis (3) and (4) 

■ (I h^TK'/'r /') - ^ C, I V(l-r 0! 

I 77 

The right hand side' oi' the above* ecjuat-ion is a knc)wji (juantilv say I, 
where 

1 “ ^rWi\a,{\-^ c)}. 

477 

Htaic 

+ (f -(i-l-fSfKi'i p) - ^ ••• (•'*) 

For th(‘' Jiiatrix in the doforiucMl state*, thc^ inn<‘r boundary is c/^l i ^.) a-nd I be outer 
boundarv is B As in the* case* (»f inclusicui shall have* 

«,=’{(! l}(7' («) 

whi^re 

M f f’„, I r,,HV,Ja,{\ + ^))- a„^W,jR) 

477 

Kliiiiinating p from (5) and (b) 

<h iPi- -po) ^ ^ I I (1_| 

or .PoKH e)*— + 

i^o)+ Sf-\ I (» C^) 

This wU givo tho valuo of t in It'rjns of known tjuantituts 

Pf-jPo. 7 , M 

The equilibrium pressure p can also be deionnined from (5) and (6) 

M 1 
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t IK givt'i) by (7). 

HO or STHKSS ON THK K g TM b I B H I 0 M MOV N OAKY 
For tlif iiu hision. at the e(juiHbriuiii boundary, let 




I t s 


'riic H<M)p stress for inchmion is given hy 






Siniilarlv, ibr tJio matrix Q - hen e 

Me 

//-[{(liO'^ (I d-R^} 

The jump in Imoj) strtsss at th(‘ ( (juilibrimu bonndarv is given l>y 


Tlu^ ratio of hoop-sticss at tlu^ tupiiliiiriuni boundary 




(12) 


/ l> 


Special cas(‘H oi’ solid in(H>m}>ressible and rigid inclusions (‘an bo d(Mlu(*(^d from 
(5) and (b). In both thes(‘ cas(‘s it may easily be shown that the e(|ailibriuin 
boundary will coineidi" witJi tli(‘ ouUw boundary of the inclusion, i.(‘. f. -= 
winch is obvious on ])hysical grounds. Wh(*ii the matrix is rigid the equilibrium 
boundary will again coincide with the inner boundary of the matrix, i.e. e. - -(5 
and th<‘. t*(juilibrium pressure is given by (b). Assuming the strain energy form 
to be that givuMi by lin(*ar elasticity, and a.ssuming the infinitesimal displacements, 
it can b(‘ ('asily v<u’itK‘d tliai < and p as deduced from equations (7) and (S) are 
the same as obtained in [IJ, [2], [3J. 

It may bi* observed that the solutions given above riupiin^ the knowlt'dge of 
natnri* of the elastic, ])otentials of tin*, materials used for both the inclusion and 
till" matrix. Mooney 1 1940 1 has empirically fonnulatcd the t^xpn‘ssion for some 
matt'rials like rubber. It is 
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where and Tg are known eonatanta of tlu- material and /, (r l.i’) are llie 
.strain inv^ariants, 

Ht'iu-o for Moonoy niati-rials it may vorifuMl ihal 


111 111 




M'hen' 


In tlio pr(‘sent prol)l(‘iii for siu Ji nirlnsion niafiM-ials Mr liavr 


... (13) 


Vi 


fl., 


4 M'l) 


l./j-’d I f)» -* Ay - l/f,=>(l J f)»-- r(,*(l I A)» I a/ ' j I 


_ 2C.>,^(I-| y a,='(l i t f, /}>'=> 

(t . 


I.., 


®{l I c)^ -ft ^^{\ ! ! ft./ “J 


M hc‘r(* 




[iv>' l». (v I,) 


VI 

A'(«,) 0 . d 


,, I- I 

since Q. . V, 

I r'. 


r 

H 


:.'l i 

J 


ft.* 




[u, 


For the matrix \sv liave 


L \ ^ V ' J „ J !!h»* j 

^ h V!''" ^3(1 ft/ J 


2C’'*{«,9(1 + <;)*■ «,9 + i __ 

«0 I -ajM a,,' 

- 1 - 4 ) - 2 ("z{l fft)! nT“Ts“^l' 

Ifel(Hfi)* J \n-l-e)* > 


•) I 


> -(IS) 
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Since 


/) ^ _ i?:» O = L : ! 

Finally wo havt‘ 

Pi\ ^*(*^ 2 ) "I" 

8 nl)stitutiriji fru- lc^{R.,) simplifying wo gol 


( 16 ) 


,, 1 t<5| 

)’++}■* 

rK 

1 1 S 
H ^7 

1 - 2 ) 

a./\ 

1 



«2'' 

j„, 3(, 1 

<5)=* ! 'fa*}*'* ' 


! e)® 

-«,=*(! 


-, 7 +*) 


“IMiiii’C +0=* --<<,^(1 1 «^T I _ 2 1 - 

lrt,*(l I c)“ «1®(1-| ' »2 ”1 


a., 


V', ( 

?-a^^ I "i’ 


r«,-‘'(l+c) 


26''a{r7,^(H-(.)»— ffi^* I 


! 4 } ) 


(H 


I - _ 2 \- 




J 

( 17 ) 


which givo^ e and the equilibrium boundary is determined. Further, the equi- 
librium pressuri» is given by 

2p -- po' P ••• (1*!*) 


n Shells (Uise 

The problem can l>e t xtendiHl Ui tlu‘ case of 7 i elastic shells luuboddod within 
each other. Let an isotrojiie, ineompre.ssiblt\ spherical shell with outer and 
inner radii Uj,, T<4spectjvely have* another similar shell of different material 
and outer and inniT radii a^(]+d^), a., ri’spectively ojubodded within it. Further 
let a third shell ^3 w ith outer and inner radii a2(l+<^'2)» % rospecitivoly be embedded 
in A^^ Like this, let the shell with outer and inner radii ay(l-+-^y), be 
embedded in A^ whose outer and inner radii are ^(l-f resj>ectively 

Finally, let the outer and inner radii of A^ be «7*-i(l + <^w~i)> respectively it is 
assumed that are tinite. Li^t the outer boundary of A^ bo subje(‘ted to uniform 
compressive piessuro ^>0 inner boundary of be subjected to a similar 

pressure fiy It is assumed that all the sliells are homogeneous isotropic and made 
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of different incompressible materials. Due to misfits strains will develop in tlu^ 
system. Let the outer radius of ..42 in the deformed state be R and tlie inner oth' 
of An in the same state be r, also let the equilibirum boundaries of A,, and Af^.^ 
be fcf being finite and r — 1 2, w— 1. Let tht* equilibrium pressures 

on the interfaces be J 0 ;.(r - 1, 2, , w- 1). The problem gives rise to "In unknown 

quantities, viz., t,., (r ^ I, 2 n - \) r unrl R Wliich are determined by 

the equations (jonnecting the Ixmndary pressures and tlu' strain (‘uergy of the n 
shells At alongwith another set uf it e(|uations giving tin* ineom}>ressibilitv c*on- 
ditions as shown below 

For Aj we have from (II) 



ilt <'^ay) 

(») 

Thti inc( 

nnprassibility condition givow «„* i <Sj)“ 

(!') 

Similarly 

for w'c have 



n2*{(l+c„)®— fi)“ - (1 f Ua 

(2) 

and 


(2') 

For Ar 

rtr®{(l+t.,)»— l}p,- -aVlK* her-l)®--(l+'^r_|)®lPf-j - Or 

... (r) 

and from incompressibility condition 



a\ - «V,(I ] <r |)“ 'jyi i 

... (!') 

wh('re 

4n 


Finally for A^ we have 



,{(H €„_,f -(1 il' „ 

... (n) 

and 


... (n') 


where li'n - i(l ^ i)l- 

4-n 

This set of 2/? equations (tonipletoly (letermjn(‘s t!i(‘ 2n unknow'ns pr 
(r 1, 2, ... -1), r and R. 
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ON A NEW TRANSFORMATION SCHEME RELATED 
TO A 4-DIMENSIONAL LORENTZ 
TRANSFORMATION* 

N. N. (JHOSH 

Inihw \s^o(‘i vtiov foh 'piik ltiv\ti()\ of S(ji:\(’r, 

{Hvrrtrrf/ Jn jc I (». hlOi)) 

ABSTRACT. Inn fou? H( n nrv\ loiil tinimfoi’innl ion scliomn liiis boon so frauK'd 
Unit a now ropnvsontnt ion ol a four-rliiuiMisionrtl Loroni/ tmnsforrnHiioii is obi ainod showing 
I In* nomuM'hoii Im'Iwoou tin* rospoot i\ <* transtormHi loii <*oofth*iorits MTn* rnolliod is n modi- 
fication of flint list'd man tiarlit'r jiapcr wluM't' I In* ropiesontat urn of a fivo-dumaisional Lorcnfy 
f ransforiiiatiou whs coiisidtaod It is to In* nofod flint uiidtM this nt'W ( nirisfonnnt ion sclnant* 
Olio can s(‘t \i|i a s;\st(‘m of ‘Diiac Equations*. 


I \ T W O I) r f^ T I 0 \ 


fn a r(‘(‘(‘nt papor ((iliosh IIMU) a now ropr(‘S(‘i)talion ol* a five dhiumsional 
Ijon^iitz (raiiKfbrniaiion w^as obtairiod by utilizing tho roal fmnsfoniiation (‘oeflfi- 
(‘ient-Kof a ntWN transfonnaiion sohonKMUdinf^l in a foiir-spact' ft, with ooonlinatos 
.r”. .r’, r* ^^lu^*h loaves invariant an el(‘in(*ntarv antisynnnetrie It'nsor ^ Avith 
4- non-vanishing components (\^^ 1 ^ 

of the present jiafsM’ is to modifv the transformation scheme so that th(‘ rejirt'- 
s(‘ntation corresponds to a fonr-dinumsional Lonmtz transformation lioth proper 
and impropiq* Further, it is shown how under this transformation schem(‘ one 
can s(d up a svst(‘m of I)ii*ac R(|uati<»ns derivf'd from an invariant divergenct* 
efjnation. 

1. Starting with tin* set of general transformation (‘(juations in ft,, from 
(Coordinates to and vici' veu-sa 

.rK 

y - (r - th I, 2 . 3) ...(!.]) 


♦ \u nbstrrict of this piipor whs nmd at fho r)2‘rid st^sion of indiitn 8fieuop (’ongress, 
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witli 16 covariani trannforniatioi] coefticioiits \\v impose^ tJu' follovung 

S restriotm^ conditions on tlic lurn-tion gl^t‘n l>v 


(::) 


Ci' - ■ ^(i!) 


■ ^(1) ■ 

(") M?) 

(.') - 


(f.) Ml) 

(D- 

/ *> \ 
'^( 2 )’ 

(I) Ml) 


where A is eitliev ! 1 (jr I, the syjuhol (i(‘no1nie d.t'jtXi'p II' /\ I, 
the system i»f transformations a\iI 1 |)oss<‘ss gioup ]>iop(Tty and we call j 1 a |)rop(‘T 
general transit irmat ion. With A I. the system does not jM)Mses*s group |)i'o- 

])ertv and we call it an impioper general transformation 

Th(' (onditions (1.2) admit of hmjig i‘\]>ressed in tiTins ol eontravanant trans- 
foi’ination coefficients, 'riussc* arc of tlie same type as (i 2) providial thi‘ s\mhol 
(*'y;) is r(‘plac(Ml l>\ d.v’^ld.vp. 

2 Jj(‘t ns now didiia* a special transtormation in tlie a.}M)\e sela me h\ iiitro- 
dneing an antisymmetrie (‘ovaiiaiit tensor witli non-vanishing components 
^ 01 ■" ^10 ‘ ^ .12 - postniaimg that it ri‘mains invariant. 

Relemng to (I.l) the transformation (^(piation ot is givtai hv 


p<i 




i)x^i 

(ly^ 


0 , 1 , 2 . :i) 


( 2 . 1 ) 


Fo?’ invariance ol t',,,/ the full set oi conditions are given m my last papiT ((ihosli, 
ifftU). Here, in ad<iition to (‘omlitions ( 1 . 2 ) two none conditions indepcnuhmt of 
A hav(‘ to he satislierl. d-duvse are- 



wiim' t.lic symbol j .lonotcs ) {{! ) ) ■ 


iVlU-rnatively cait write (2.2) as 



... (2.3) 
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This sjM'cial transformation will be called nniniodular tensor transformation, proper 
if‘ A I and im])ro])er if A ----- — I . Tlu* eontravariant tensor associated to 
\N'ill b(‘ denoted hy liaving non -vanishing eompononts — 1, 0^^ 

I Ft may 1)0 n<'t(vl that tin* eontravariant and eovariant (coefficient'^ 
ni* a unimodiilar tensor transformation are eonne(;ted by the equation 


dac* 


- 6' (7^<? 


dx^ 

dx'^ 


11ns gives 


{llHDIil-WI 

DPI) ■ 111 -d 

P I? 


r Isi id { 2 / 

p-(?) {i} p li 

IIP;!) P ( 1 ) 

P-(T) {11 -P ll 

il- ( 1 ) (DPI) 

ivt‘ UH(*d th<‘ notation | > t< 

V/ i 

> denoU‘ dyP/d.r^f 


(2.4) 


(2.5) 


The tensors may b<‘ regarded as nudrie t(cnflorsin Raising and 

lowt»ring of indie<‘s may Ixc perform<*d according to th(' ruh' 


AP. AP(^pq~Aq, ... ( 2 .()) 

so that 

Tims A -- A,. A' - _ 4 ^ ^|3 ^ 

We jn»tt* hfT<» tlu* relations 


ApAP i) ApBP-\rBpAP ^ ... (3.7) 

(Vmsidei now a mixed tensor defined in terms of 4 tpiantities hj:, forming a 
vi*(*tor, by means of an (‘(piation 

MrP - T^PA {k - 0, I, 2, 3), ... (3.8) 


wliert' 7’'s arc counin-ting tensors having the following structure- : 


rp{\^V 


( 


{) 

b 

1 

{) 


{) 

0 

{) 

I 


L 

0 

o 

b 


b\ / b b or 

1 \ / 0 0 _1 0 

b I T\P - I b -- 1 b b 

b / \ J I b 0 


T%P r- 



0 b 

-1 b 

0 I 

b 0 



0 I 0\ 

0 0 1 

b 0 0 

J 0 0 


(3.9) 
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Thus 

Mf = = ~h^, = J/,» = h^, J[f,i = -ji/pS = 

M^o == = hy Jtf j« == JWi» = Jlf„4 = ifji ^ 

JIV = JV = M 38 = JIJj» = 0. ... (3.10) 

Applying the rule (2.0) one can see that will have the above stnuturo if it is 
taken in a bilinear form A^. being arbitrary teuBors of rank 1. 

Inverting (3.8) wo writer 

A* = ^ T,lMf . ... (3.11) 

where 

Tii = gtiT';. ... (3.12) 

gj.1 denoting the temsor with non -vanishing components 

.^/oo ~~ f/ii ~ Oti — ~ 

Let M/ undergo a uniraoduiar timsor transfonnation 

- (3.13) 

whore the transfonnation <*o(‘f1iei(‘nis satisfv ndalions (l.li), (2.2,4). It is found 
that after th(‘ tranKforjiiatioii .1/'/' will have* tlu* saim^ structiin^ as that of 3f/*, 
so that we e,an express ilf in tin* same" way as (3.8) 

that is, iirf- ••• (3-14) 

where //jt denoti's the transfornu’d vtn tor h^, induced }>y th(‘> uniniodular tensor 
transfonnation with regard to M/ 

Inverting (3.14) we ANrilc' 

A't 3’iVJJf'? . ... (3.15) 

Using (3.13), the above becomes 

A'*=i npMn’^,}(i). ... (3.16) 

Writing Q'Wd Mg — obtain 


af, = \T\,T^’l {?}(?!• 


«•# 


(3.17) 
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Obsoiring that tho invariant M^Mp = — h^) we remark that 

when Mf^ undergoes a unimodular tensor transfo ‘j nation tlie vector A* undergoes 
a L'lrentz tran.sforiii ition leaving Aj* - Aq* invaria.it. 

4. In matrix form (3.17) is oxpr«\Hsiblo as 


>c 

< 


« 3 " 


< 


('2 


_ 1 

V 


a./ 


2 



« 2 ® 




m , 12 \ /03, 12\ 
Vt3, 12/ \I3.02/ 

/13, 02\ /13.U2\ 

\03, 12/ \13,02/ 

/(>1,32\ /01.32\ 

\(»3. 12/ 1 13, 02/ 

/12, 3d\ a2, 30\ 

\03, 12/ 113.02/ 


/03. 12\ ,'03. 12\ 

\01.32/ \I2. 30 / 

/13, 02\ /13. 02\ 

ioi,:i2/ \12,30) 

/(n.32\ /01.32\ 

101.32/ 1 12, 30 / 

/12,30\ /12,30\ 

\01.32/ ll2,30/ 


( 4 . 1 ) 


when! the syiub >1 \ 

•’ \l»., VU' f 


dcMiotes 



By elementary operations utilising tlie relations (1.2) tin- detiTininant of the right- 
hand matrix in (4.1) may be reluewl to 



Introducing the quantities 



- 
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(4.2) may bo expressed as 

Aa^ Mh^ />i) 

4x 

65 + (h ^3 

A^2 '^^2 

Omitting tlie lunltiplior 4, the Laplaee ex})anHion ot (4.4) givt^s 

-A{c^h.^ -eA}(b/h \rbjfU i ^fA)(-A^) 

^ V ' brV 

i M^^Ai b^(t )(oAi - bvfi *)( A-) 

-A'(ei ^/5 - e//ji)(</eaj' (ii/f.x-\ b^h^)A 

Let us now take note of the following i(l(‘n titles . 

«i^a+^i^L> 201 ( 15 , ajh^—'h^a,^ ~ ~~2c^h^, 

a^a^-bA = 2 c 2 « 3 ' ^^264+^4 = 2C263, 

a^a^-hA = Scaa^, = 2C3&5, 

aiac+6i6fl =- 204^3, == 

<3f5&3 — == 


(4.3) 


(4.4) 


(4.5) 


(4.6) 
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Substituting from tho above (4.5) becomes 
4 “ 40^03(2^® + 4020463^ 4 “ 4C1C365® 

— “ 1 “ ^2^3) (^3® 6 “I" ^3^5) — — ^5^3)^ “(“ (^1^4 — ^2^3) — ^4^ “f* ^1^) ] • ( 4 * 7 ) 

Using farther tho typical relations 

4r.^r4 = ^ 3 ^ 4 -^/, 4 C 4 C 3 — «3®4“^3®» 

4C2C3 ^42+642, 4 r 2 C 4 -r a52_^^,^2 4 c^c 4 = 

(4.7) can l)o cxpressol as 

A\2(c^c^ + C/. 3 ) - {a./i^ f bJjrJ]K 

By a atrai^ht-forwar.l calculation tlio above can be shown to bo 


... (4.8) 

... (4.9) 


- [HP(i) - (;’)(<*,)+(■!)(;.)- ©aiiT- 


R-L^ferring to (2.2) , the valiK^ of the (h^torminant (4.2) is therefore A^, which is 1 if 
A == 1 a7i 1 “1 if A -- -1. Tiras the ropres'^ntation (4.1) corresponds to 4-dimeTi- 
sional Lotentz transformation both proper and impro{)er. Tho relevant conditions 
to 1)0 satisfied by the transformation coefficients (J’), being given by (1.2), (2.2) 
The linearity with regard to th(' Lorentz transformation will follow if we start 
wibii tho sot of transformation equations (1.1) all linear, so that the <i()effi(i(intB 
of transformation aro constants. 

5. We shall now show that under this new transformation schenn* one can 
sot up a system of ‘Dirac equations'. Let ns first construct the differential opera- 
tor A 5 

given bj^ AJ = ... (5.1) 

where 3* denotes djdx^. Tho four components of the operator AJ aro given by 

A.,® = A,i - -Aj* = -A,® = -d„ A,> = -Ao* = Aj* = = ~d,. 

... (5.2) 

A,« = A,» - A„== ^ A3I f (I3, A,» = A„i = A3* = A** = 0. 

Consider now tho invariant divergeneio e({iiation 

ASilf| = 0. ... (6.3) 

where =a A^Bp—B^Ap. 

Expanding (5.3) we get 

(AS4»)5,+4«{A55^-(AS5»M,--B»(A?ilp) = 0. 


... (6.4) 
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It is ea&y to show that 

whore A and B can be interchanged. 

Hence (5.4) bocomoft 

(A5.4^)i?^ - 0, ... (5.5) 

Introducing the subsidiary ciiuations 
AJA-? — wBP, 

— riA^, (?», w. arbitrary constants) ... (5.6) 

into (5.5), it is au tom a totally satisfied by virtue of the first of the relations (3.7) 
The symmetry in (5 4) shows tluit m and n arc equal. 

Tile equation (5.5) is also satisfied if wo introduce the sulisidiary equations 

AJ.d'? -- mA^, 

... (5.7) 

and take into account tlx^ ihid of tlu* r<»latioris (3.7) (?(nnbiuing th(‘ two sets 
of equations in (5.6) with /// — a/, we f obtain the wav<* cejuation 

A;A^J.4'' - ... (5.8) 

6. Lot us now' oonsidcu* tlxi infiriitesimal iinhuodular tensor transformation. 
Starting with the infinitt^simal transformation equations 

(0.1) 

whore e is an infinitely small quantity wo imposts tlu^ (conditions (1.2) witli A -= 1 
to (6.1) and obtain 


/’ 0 - r 3 

Jo ’ 


-/o^ 



A" 

-/i*- 


Jo' — Ja~’ 


-u< 

... (6.2) 


/x* = 

-u. 



where denotes df’^ID.rP. Further, tlie imposition of conditions (2.2) yiedds 

••• 

An infinitesimal unimodular tensor transformation will be defined by (6.1) where 
are restricted by (^.2, 3). Its connection with infinitesimal Lorentz trans- 
formation can bo exhibited by means of the formula 

W = I 


... ( 0 . 4 ) 



442 


N. N. Ghosh 


when* tojt* denotes the coefficient of infinitesimal Lorentz transformation, Eva- 
luating the above wo got 



Wo" = 

It 

3 

II 

3 





3 

1 

3 

ef/oH-A"). 


C 03 » 

-- - 2 c/;. 

w; - 

-- 2ef,\ 

(6.5) 

W 3 ' 

- -w;-c(/;-/;), 

— w; 



The author wishtss to thaiJc Pro/ S. 

N. B()8c^ F.R.S., 

for helpful comments. 


H h: F K r 

K N t' K ,S 
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INVESTIGATION ON RAMAN AND INFRARED SPECTRA 
OF TWO ISOMERIC AROMATIC NITRILES IN 
DIFFERENT STATES. 

D. K. MUKHERJEE AND K. K.. DEB 

Optics Department. lNni\N Association for the (Jultivation of Science, (ULcrTTTA-32. 

{Rccowvds Mofi 24» 11)05) 

The Raman spectra of a few organic* nitriles in tho solid state at ~18()”C 
were studied earlier (Bislmi 11 ) 4 S: Deb. IDbl; Deb and Mukherjee, 11)(>I1). Tt 
has bo('n observ(*d from tlu^ results that the* liruss due to (' r N vi))rations in each 
cai-e iindcTgo ehangi^s and in some* eas(*s a f(»\\ low IVtMiiu'ney Ibaman Iiii(‘s appi'iir 
in the speetra with the*- soliditieation of the* liijuids at l()\r tefnp(‘ratur(\s Later, 
Deb (1963) eonclud(*d from tin* rcssidts of investigation of the Hamaii spectra of 
a large* number of organic compounds that certain vibrational modes perpendi- 
eular to the benzene ring shift to low fr(*(jnenev region dm to the int(‘nnolecnlar 
association in thi* crystal lattic<*s of tin' coinjiounds at lew l-(‘mpi‘ratur(\s In 
the present work similar investigation has been made* in the casi* of two aromatic 
nitriles vdz, ortho and ]>aiatnlunitril(‘S in erdtu* to iind out how tlu^ local fit'M 
surroiinding the f ' : N bond is affected in the si’lid state in the case, of the two 

mokumles due to tlie presenei^ of CH 3 group in tin* b(‘nzene ring. Tlio infransl 
spectra of the two compounds in the pun* stab* and in solutions in some suitable 
solvents have also b(*('n studied in order to find out how tho results support the 
above view. 


RESULTS AND DISCUSSIONS 
The observed Raman shifts of the (compounds in ilie iiqukl and solid states 
at — 180°C are tabulated in Tables I ami 11. The states of polarisation of tho 
Raman linos of the liquids are indicated by th(‘ usual k'ttors T' and which 
mean partially polarised and totally depolarised respectively. 
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TABLE I 

Raman and infrarcxl spectra of ortho-tolunitrile 



Raman shifts in cm J 


Infrared 




Liquid 

Liquid lit 

Solid at 

bands 

Lundolt- 

30"C 

— 180‘"0 

in om“t 

Bornstoiji 

Present 

Present 

(Present 

Table (1951) 

authors 

authors 

authors) 



80(1) 


160 (10b) 

ISO (6) D 

165 (4b) 


169 (8) 

163 (8) D 



217 (4) 

342 (1) 

385 (1) 

223 (lb) 

242 (Ob) 


467 (8) 

460 (6) D 

641 (3) D 



687 (3) 

683 (0) 

638 (1) P 



716 (9) 

718 (8) P 

720 (2) 

708 (ms) 

761 (2) 



700 (vs) 

819 (3) 

991 (1) 



942 (vw) 

1045 (8) 

1048 (K) P 

1048 (2) 

1038 (w) 

1108 (2) 



1108 (w) 

1169 (6) 

1168 (2) D 


HDD (w) 

1208 (10) 

1210 (8) P 

1219 (6) 

1210 (w) 

1287 (1) 



1290 (w) 

1378 (4) 

1381 (Ob) 


1385 (w) 

1440 (ms) 

1450 (ms) 

1486 (3) 

1509 (0) 


1488 (ms) 

1671 (3) 

1690 (9) 

1600 (8) P 

1602 (6) 

1600 (ms) 

2225 (10b) 

2226 (16) D 

2226 (0) 

2238 (s) 

2922 (1) 

2926 (4b) P 


2922 (w) 

3060 (3) 

3067 (6) D 


3040 (w) 

3070 (2) 

3067 (4) D 

3060 (0) 

3070 (w) 



Letters to the Editor 
TABLE IT 

Kajiian aild Tnfrarod japoctra of para toliinitrilo 



Raman shift k in om'i 


] nfrarod 
bands 
in cm 1 
(Presont 
authors) 

Liquid 
l^andolt - 
Bbrnsteiii 
Table (1951) 

Luiuid at 

30^(! 

l^rijsent 

antViors 

Solid at 
— ISO'C 
Prew'nt 
authors 



88 (4) 


161 (7) 

252 (3) 

345 (1) 

160 (6) D 

255 (1) V 

155 (0) 


410 (4) 

437 (!) 

516 (0) 

549 (3) 

407 (4) D 

556 ( 1 ) 

407 (0) 


i‘AH (4) 

652 (6) 1) 

652 OHO 


( 1 ) 

7(»7 (2) 

70% (0) 


704 (^-v) 

HI 9 (3) 

1020 (0) 

824 (6) V 

824 (6) 

818 (vh) 

946 (vw) 

1022 (w) 

1040 (w) 

1 100 (vw) 

1120 (w) 

1 172 (10) 

1 180 (8) V 

1180 (H) 

1 1 80 (ms) 

J194 (4) 

1194 (2) V 


1200 (\ w) 

1280 (w) 

130H (0) 

1378 (2) 

1383 (2 ) V 


ISSS (w) 

1412 (w) 

u+n (0) 

1453 (0) 

1517 (0) 


1450 (ms) 

1508 (ms) 

1604 (10) 

1609 (10) l> 

1609 (8) 

1610 (s) 

2228 (10) 

2230 (ir>) P 

2227 (6) 

2242 (fl) 

2876 (2) 

2880 (1) 


287C (w) 

2926 (1) 

3048 (4) 

2»2fl (2) 

3063 (2b) U 

3003 (Ob) 

2930 (nw) 

3050 (w) 
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(a) Chantjps in flic RumAin spectra with solidification of the liquids : 

it can he scon from the Tables T and II that in tJio solid state at 
the line ein ^^ of ortho tolunitrile and 160 cm ' of para tolunitrilo reprosonting 
probably the out-oJ-plan(‘ b(‘ndmg viliration of C N bond appear to split up 
int(* tA\o compoiKmt in oacli case The lim^ 163 (*iu ^ splits uji into two lines with 
components at 155 and SO cm and tlu* line 160 cm splits up into two linos 155 
and 88(jjn“^ respectively. Tiie splitting up of the linos 163 and 160 (;m“^ duo 
n‘spe('tiv(‘ly to ortho and }>aratolu nitriles is owing to w(^ak molecular association 
of diffonait stnuigths in the crystal lattic(^s at lo\\ tiMnpcu'atures. The lines 460 
and 2226 cm ' due to orthotolunitrih' assiguofi i-esperdivcdy to d(dorina- 

tion and (> N streteJiing oscillation of the niolocuh' become weak with the solidi- 
fication of th(' li<pnd Similar changes in tln^ inUaisity of the fro(|uoncy 407 oin ^ 
due to (- N (hdormation oscillation and that of the lira? 2230 cm~^ duo to C — N 
stretching oscillation wit*' als<» ohsoiwed in th(‘ case of th(‘ para isomer. The 
cliango in inlimsity of tl\o fn*(|u(‘ncies of V N bond is more pronounced in tlu^ 
('ase of ortho isoimu' than in t-lu^ cas(‘ ol para isomer. Tlu* fact indicates strongei* 
molecular association through N group in tlie (*ase (d‘ <a‘tho isomer than in 

the case of paia isotmu*. Also the line 1210 cju ^ du(‘ to ortho tolunitrilo represent- 
ing piobably tin* (U1 bending oscillation in (’H.^ groiij) shifts to 1210 {*m ^ under 
similar condition. In addition to the aboviv <‘hanges some other freipiericies du(‘ 
to different modes of till* tuo jnoli‘Cules undiu’go changes at low tenipt*rutures 
w hich further support the abovi' \ iew . 

(b) Changes in infrared spectra in solutions 

It is observed from the infrariMl speudra ol ortho and para- tol uni triles in the 
jmre state and in their solutions in tlu' solviuits (jiolar and non-[)olar) that the 
intensity and jiosition of f-he (' N hand are slightly affectiHl m iliffonuit iiolar 
solvents while in non-polar solvcuits im such clumges ari^ ohstwved The rt>sults 
fairly agnnj with those) reported earlier in the case ol other nitriles (Brown, 
1058, Fhiyliss ct at. (1050;). Howeviu*, the shift of th(‘ lh‘quency due to N 
vibration is more pronoun ct>d in the case of ortJio isomer than in the case of para 
isomer, whicli may be due to weak perturbation of tlie local held ol* the C N 
group in the ease of ortho isomer in polar solvmits. 

A (! K N () W L K 1) a E M N T 

Tli(‘ authors express tludr thanks to Professor (h S. Kastha, D.Sc., for his 
kiaui inter(‘st in the work. 
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EFFECT OF ELEC'I’RIC FIELD ON THE NATURAL CONVECTIVE 
HEAT-TRANSFER TO INSULATING LIQUIDS 
S. V. BASH AN!) T). B. SINHA 

J)nfAR’r\noNT OK Akkijek I’iiv.shk, Cvlc'ttx UNivEu.srr^ 

{liiTPiivil .1 «</».'/ i!), 

Many invostijjtators (Allen. 11151). Watson, IlKil, daro and Swan. h)(i;{), in 
rcHiont yi'ars have workcvl on tlie J»l•ol»l(^nt of cliant;*' in the ratt' ol heal transfer 
duo to the applieation of olia trie (i(<lds. They investigated thi' (>ffeets of both 
d.e. and a.e. flidd.s. In almost all easi's the max. lieltl apjiliod at tlie surface of 
the heater was quits- liigli. of tlie order of .‘tDli kv/em. Watson (-.xplainod the in- 
eroinent in heat transfer ohsorvisl hy him as the result of forewl flow from the 
heater surfaee down tin- gradii-nl of permitivity caused hy the temp grailient. 
Ostromnov in 195(1. ohserved motion of insulation liqiiiils under the action of 
electric fields in a non-con\eetive thermal field. Ostromnov m his e.xperiments 
appliwi quite modest Ih'lds ot the order ol I k\/cm in the [ire-^ent iiui-stigation, 
we have- stiidiwl the effect ot electric fields from t»-l5 kv/ciii. on difleivnt Iniuids. 
both a.e. and d.o. fields Is-ing used. 

The apparatus consists of a heater tiihe siirioundisl hy a .-Rs-tor shapi-d eylni- 
drieal eleetrodi* which runs almost oms- the I'litirc- length of the heater This parti- 
ciipar .shaiK- ot the eleetrisle «a.s adopted so as to allo^^ the convi-ction currents 
to tIoM unhinderwl. Tin- heater t uhe and also t he ehu-trodos were kept hori/.ontal. 
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Field 111 K.V. i)Hr <*m. units - 
Kig 2. 



Tlio hoatc^i* iub(‘ was itst*lf usivl as a msistaiuo thmnometer (Basu 1904) and Mas 
niaintaiiUHl at ground potontial, Tho bulk tomporaturo of tlio liquid was mt^asurtHl 
by eoppor- constants tlionnoctouplos using a Bissolhorst thormo-oltu*tric*-freo 
potontioinett^r which M^as also ustvl to evaluate the surface tenip(3rature of tho heater 
tube. 

The a.c^. voltages (50 c/s) ust^d were obtained from a small transformer. 
The d.c. voltages w^ere obtained from a rectifier provided with necessary filters. 
The ripple cc'iitent was less than 0.3%. The voltages (both d.c. and a.c.) applied 
could be varitxi smothly over the entire range. Fig. 1, 2, 3, 4, depict the results 
for di-ethyl ether and benzene. The liquids were supplied by Messrs. B.D.H. 
(Pvt.) Ltd. and M’^ere labelled pure. The heater tube was of 0.470 cm. external 
diameter and the outer electrode of 2 cm internal diameter. 
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The curves were plotted with hjh^ as tho ordiuate (wlioie A„ staiids for lioat 
transfer coefficient without tlu' electric field aiul A, tlu' heat transfer coefficient 
with tho field, A is here expressed in Btu/hr Sq.ft , '"F.) and field in kv/cin units 
as the abseissae. Tlie ac.tiial maxiinuiu fichl applied was 16-17 kv/cni. 

For diethyl ether [Fig. 1, Fig. 4(a)] tlu' application of d.t^. field incrt>ases 
the rate of heat transfer but the effect gradually deert'ases with incrt*asing values 



Fig 4(11) q hont flii\ — > B i n/)n sq H 

of heat flux. For a <*. fioldw [Fig. 2, Fig. 4(a)l also th<^ rate of inoroaw^ of heat 
tranafor gradually do(^roas(^fi with hoat- flux. 

For honzoiK' [Fig. H Fig. 4(h) | wiUi d f. iiold also a similar pattern as ahovt' 
loJlow . 



Fig 4(b) ([ — ► beat flux, B t u/hr. «q. ft- 

From tho prosont sot ot exporimonts it is (dear that with tho incroaso in tlu* 
values of the heat flux the rate of heat transfer decreases. This is due to the* 
fact that as the heat flux increases, circulation in the liquid improves and thereby 
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tilt* porniittivity gratlif^nt rttsulting from tlu* diminislitHl lemporature gratliuiit 
also falls. So tlx* boat transfri* also should fall. Tlio saturation stage for each 
(*inv(‘' is r(*a< h(Ml when the inereasod heat trarisfer due to inereaswl circulation is 
inhihiled f)y the fall of heat transf(‘r resulting from the fall of the permittivity 
gradient. 


\{ K K K R E N V E *S 

Allen, P. E. (j., 105!), Brtf. J. oj App, Phfft , 10, Ml, 

RaKu, S P., 10()4, ind, J, Phys,^ 88, 87. 

(!arc, J. M. and Swan, J). W., 1063, Rrit. J. of A pp. PhtfH., 14, 263, 
Ostromnov, in A , M).")!). Soiitel Phy^., J,E.T P . 3, No 2. 

Watson, P. K , 1 1)6 1, Mature, LomU 189, 663, 
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COUPLING CONSTANT SUM RULES FOR THE DECAY OF 
THE 2+ NONET IN BROKEN SU(3) 

V. 1’. GAl'TAM AWi) P. (JHOSE 

Indian Association for the Cultivation of Science, tlADAVPiMt, (Ali iiTTA-Hi. 
{Rev find September I."). 1961)) 


(•umMitlv the assigiinu‘ut of the - 2' ni(‘HoiiK /v** (U3()), A., (1:^20). f' 
(1500) ami /(1 250) to the ri'iluciblo 10S rcpmsi^ntatioii of SU(3) witli considerable 
/'—/ mixing is being disensHod bv nianv authors (Hwa vt uL (ilashow et al, 
Barnes td al, Chung at al, 1065). Since* unitary symnud-rv is found, in fact, to 
be broken in nature, it is more* realistic to compare observed dcca\ widtiis with 
broken SU(3) preilictions. We give in this note* tioupling constant sum rules 
for the decay of these mesons into (a) a pair of psiuidoscalar mesons and 
(b) a vector ami a pseud os(;alar meson. TIu* vii elation of unitary symmetry is 
assumed to transform like tlie eighth component of a unitary octet and th(^ 
mixing angles are kept arbitrary. 

In ease (a) tlien* are (ivi* sum rules for the t(‘n coupling c<mstants • 


yi? <Hf. n n) -2 V2</(/ K K) , '.Wmi- 'I >l) 

--{2v^ K A’) iyO{A.^. n >/)! him 0 (1) 

J~ K A)--(r(A.j. n ij) - (-'{K**. Ktj) Kn) (2) 

\ 3 

va «(/'. // (’(!'■ j< A') I w- ^ ^ ) 


{2f/(.4jj, K K)- v''6M-L. n (/)! cok U 

'M.'if, ti ,!) I- ' (1{J- n n)--2 (l(J- A A) 

\/3 

-= {IWf/'// //) -2 (?(/' K A')4 - - (Hf, n n)\ tan 0 

V3 


yj t/(/. A A )- y ;J t/(/, TJ n) ( “ - -y ^ ain 0 c.s 0(!(!i'. n tt) 


/I A,, . /■ i-\l 

'-■^■2 4 'V ;{ ;{ / 

-y^ a(K**,K 


Vr, 
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(:n 


(4) 


(•">) 


.r cos 
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In casn (h) also thc'rc aro fiv»“. sum rules for the nine coupling constants ; 


<i{K**,K*n) (l{K**,fiK) ... (0) 

(i(K** A'*//)eo.sf ... (7) 

mK) - (UK**, K*ii)»u\<p ... (8) 

(HK**. K*n) 4 - (Hf K*K) cos (U (l{ f K*K) sin 0 

:H/2 

_ ' -- (}{K** o)K)-\ — ' a(A.,.{>Tr) (SI) 

\''2sinf 

11(1'. K*K) cos H : (Hf. K*f<) sin 0 



a{A^,K*K) \ 



(((A.,.fi n) 




(HI) 


^^^20 .’1(1' ((ilasliow .({(tl, Karnes W (//,) anil f;!^4(l (Sakurai 19(12) arc the 
/' /ami (■) ^ ini.\iiig angles respect i\cly..r is related to tlie }>aran>e1ers F and 


(1 of tllashoM and Socoloa 1)\' .r 



1 


\ •> 


The stun ndcs listed al>ove can he properl, \ tested only tvlu'ii more e.xtensivc 
and accurat(' expe.riniental data hecojne available. Detailed consiih'iations will 
he. published elsewhere 

We are grateful to fVof »S. N. Bose and i’rof. I) Basil for tlu'ir encourage- 
ment and kind interest in this wuik Wo 'wish to thank Dr. B. Putta Boy for 
helpful discussions and Mr. K. B. (’hatterjee for chocking thi' results. 
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Bnnu's. \. K . cl t//,, I9f>r), ]*hys lUv Letters, 15. 

(’lumji;, S r., ct til , 1905, Vhys lice Letter.^, 15, 325, Thr rt‘feronc<',s it) otlior oxpon- 
iiumtHl datti iiw ^iveii Ihm<\ 

(JIbhIiow, S L. luul Stwolow, H H . 1905, 7V)//.s lt(c. Letter, s, 15, 329 T),^ roformwos 

to other tlieoretictil workK regmding this Nonet ure given hen*. 

Hwii, K. (’ and Patil, S. H., 1905, Fhys her., 139, Ji909. 

Saknrai, J. 5., 1902, Phys Rev Letter*i, 9, 472. 
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CHANGE IN THE SHAPE OF THF NO3 ION DURING THE 
FORMATION OF A HYDRATE IN AQUEOUS SOLUTIONS 

N. RAJESWARA RAO, K. V RAMANAIAH axd S. MOHANA RAO. 

PHYSK S DkPAKTMKNT, (KsMANIV l^NI\ K!{MIT\ , llVDKKMIAl) 

(Rrccnn'd Aitffust II. PH>r>) 

Tt was n'portuil hy Rajosw ara Rao aral RaiiiariAiaii (lIKU) that in a solution 
(>f sodium nitrates tho nitrat^o ion Imtoiiuns iwraniidal in slia])u at about l() V 
and on boating to about it b('(*<mL(*s planar Tliis conclusion \cas draw n to 
explain ( I ) a slight increase in tiu' frecjiuuicv of tla^ total syninudrie lint' r/v KioO 
cm * at low’or temporature avIk^h' tin* ions (*an b(‘ 0Xp<‘('t(‘d to fa* hydrattul b('tt(‘r 
than at higluu' teni]HTatiir(‘ and (2) ap])(‘arance of a faint line at- (h ~~ r)tl4 c*m 
w’lii(‘b disappears at higher tt‘ni]M‘ratur(‘s. Tlu’ tonuation ol tlu' hy<ln>g<^n boialing 
is evidi'iicod by tlu^ low' intcuisity ot ibis lin<‘ {<h - IhoO cm at low'ia tiMn- 
peratur(\ 

During the fonnation of hydregiai bond, <nie nonnally (uxpc^cts tlH‘ bond 
Htrongih of NO to (loii'c'aw^. [ncrca^tMl fro(|ii('ncy ol tin- total sviniiH-tric lino, 
hotvovor, tlirows doubt on thin point. A normal coordinati' tn'atnu'nt oi pyiamidal 
NO3 ion is madi' and tbo foioo coiwtanls di'tormincd to sottio tiiis ])oint. 

Tho F and (J niatricos of ]>yran)idal inolocnkw aiv given by Venkateswarlu 
(1056). Tho bond length (f of NO is taken to bo 1.200 A. I'. (Venkateswarlu) 
and the bond angle a between the NO bonds is llF'Ol’' and tho froqnonoios are 
taken to bo 504. 72(1. 1050 and 142(1 cm b This data are taken fnmi a papi-r by 
some' of the pre,s('nt aiitbors referred to e.arhor. If one negleets Jj„ (iialeulation 
justifies such an assumption), the seeular eipiation reduees to two (piadratio equa- 
tionstbatean 1)0 readily solved. The foreoeotwl ants thus obtained aro/^ 7.127, 
/rft/ ~ b.23(l, ^ I.SIS, units of 10^ dynes/(un. (^mijiaring 

with fa -• 7.84S,7rf^ - I.2S1 and d\U U ' Venkateswarlu 

for planar NO, ion./^ is found to be smaller as one exp(«els during tho torniation 
of hydrogen bond. Therelore. though the total s.vmmetrie streteh line slightly 
shifts to highoi frequency, on hydration, tho bond strength really disreasos, 

it K F M K E N (' J'l S 

Rnjeswara Rao, N. iitid Uamaniah. K. V., l(i(»4, Jud- I hys., 88, 

Venka(.ef>warhi. K.. l!l.‘>«, I’m-.. Phys. >Sor. Loml. 69. ISC 
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ONE TWO THJIEE... INFINITY— by G. Gainow; MacMillan ami Co. Ltd., 

London 1962. Pricf lOs. net. 

Going for the second time through thi excelant book in its n^vised form T 
found my ijit(*rest in it not a bit- flagged from the pitch to which it w%as raised 
(wh(\n T first came across itV Though in ih\f‘ edition no considerable fresh mate- 
rial has b(‘en adder], I enjoyed each wit and humour with the same Z(‘st as in 1949. 
In tliosc’ early days I had sueciumbed to my the bad habit of skipping over the 
touglu^-r portions and enjoying the story of this popular science exposition. But 
in this second reading 1 faced bravely and scrupulously each bit of logic*, till I 
reached the- last page all out of breath. No, not because of the exertion; Gamow 
really takes one breath aw^ay by the amazingly clear and j)ointed sutmnary of all 
th(^ important outstanding problems of modern science, vividly pictin*ized by a])t 
analogies creating the proper perspective for the understanding through the 
witty (loraments 

By the time I finislu^d, T also had agreed with Gamow^ that the book did not 
have too serious difficulties for the layman but it was simuy not for children. 
What w^as my surprise when I found that the cliildreii (.f tlie present generation 
are so well up in the* known facts of seieneo. that they are able not only to follow 
but enjoy with gusto not k^ss than S0% of the book. Tins refers to a boy of 14 
reading in class X of a local good standard English nKulium school The 10% 
he did not follow'’ consisted mainly of the se(*-tion on ‘‘Kiddle of LIAn” to which ho 
is totally apathetic, being keen to become an inorganic chemist. Another girl 
a little oUhT and interested mostly in Biology and Chemistry enjoycnl the book 
throughly fortifying heresolf with a small lectun^ from me on qualitative relativity 
and (iuantum mechanics. About the section on theory of numbers and topology 
both of them were sufficiently imaginative to enjoy the expositions 

So the book is bei^oming more and more a success belying the misgivings of 
tl\o author that it is not suitable for children and wt- congratulate him and thank 
his publis^hers for bringing out this paperbaiik edition to make it availal)le to a. 
large section of scientifically inclined layman and children of the modern age. 

A. Bose 
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VARIATIONAL METHOD AND THE ELASTIC SCATTER* 
INC OF SLOW ELECTRONS BY HYDROGEN ATOM 

SATYANARAYAN BANERJKE. RAMESHWAR JR A and N. C. SIL 

Dbfahxment of Thborktu'al Physics, Indian Association ion thk ('i'i/n \ ation ov 

S<.1I0NCE, .JaX^AVPIJR, C\Lt4JTTA-32. 

(Recewed Septe^nher 25, 19(ir>) 

ABSTRACT. 'I’hi' (‘olliKion of oli^Troii luid l)ydrf)gpji Mtom hns boon jjit 
by the vuriatioiuil moHiod of Kiilllieii jii tho onorgy niatgo fxdow tlio thrc'sliold for tli(» oxpila- 
tion of second quantum l(‘vel (10.2 ev) of atomu* liydpogon. Tfio infhieiic(* of tho polansa- 
lion has boon taken iii tlu' wa\c fiuiclion whuTi inciudes a l<"rm iiidiciiiiii^ virtual excitation 
to 28 and 2;io levtds, here this (dioice Icmds to tlu^ occuren(‘o of prououncod n^Honan<*o at. 
9.74- ov energy "whieh agrees with the th»M)rotical results oi Ihirke «jid Seh(>y (1902) in their 
ln-2s-2p (dose coupling approximation, itoccntly Scliul/ (1904) has oxperimcntidly found 
a resonance peak at 9 7 ov' cauirgy. 

INTRO DUOTION 

Tlie scattering of (dodi’ons by Itydrogtm atom is tIuMirotically the simplost 
of all el(«;trou-atom (‘ollision |)roblciiis, lionet* it has Imkmi tho siibjoet of dt'tailod 
tlioon^tieaJ invostigation. This lias many important appli(*ations in astnqihysies, 
oontrollod tliormonuelear dovietis and othor j)roeoss(‘s. 

A nunibor of oxpt*Time.nts hav(^ lioen (*arriod out on slow (dectron siattiM'ing 
by atomic* hydrogtin by Nt*ynabor (19BI), Braekmann, Fit(^ ef oL, ( Ml5S). Boi tmtly 
Schulz (1964) has ro])ortcd an oxporimcntal evidence feu* a r(*sonance in the (dastie 
scattering of eJoetrons by atomii by<lroge,n, btdow tin* onst't of (‘X( itatioii of tho 
olectronic slaters of liydrogen atom. 

Tlu^ scatU^ring at low energy involvei- tlu*, offtu t of (‘xehangi* boc;auH(^ of tiio 
iiidistinguishability of the incident elcetron from atomic (JtM'tron. 1duu*o is a 
great probability of tlu^ incident (*Jcetron btdng eaptur(‘(i and tin* atomit^ (‘loetroii 
being ojetitod in tlu* proc(*ss of slow collision. Morc*over. dm* to the inhuonec^ 
of the incoming electron, th(*rc is a polarisation effect arising out of the distor- 
tion of the spherically symmetrical charge distribution of Is-cdeetron ( loud in th(^ 
neutral atomic liydrogen. 

Massey and Moisei witsidi (1951) luwc used variational m(*thod to (-alcnilate 
the S-wavo phase shift duo to scattering of ekudrons hy atomic hydrogen, taking 
the exchange otfec^t and tho partial distortion of tlie atomic? cloud. Th(?y have 
treated this distortion by introducing explieity in tlie trial wavi* function a tcimi 
which depends on the electron-electron correlation distance In some of tho 
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m(»rc rocont works (cf. Burke and Schey (1962) with the use of modern computing 
machines, sets of campled equations resulting from the retention of only a few 
soloeted excited states of the hydrogen atom in the wave function, have been 
solved numerically. Burke and Schey (1962) have utilised a clost^ — coupling 
approximation in whicli tlu*. total wave -function has been expanded in hydrogen 
(Ugori states and only terms (!or responding to tlu^ Is, 2s and 2p states are retained. 
In tlieir investigations, tht‘y have found that except for the very low energy region 
})elow .68 ev tlie short-range distortion effect dominates over the long-range 
one and the 28-state gives a largt^rcontribution to the phase-shift than 2p state. 
Moreover, onc(‘ all Htat(^s corresjionding to scx;ond (juantum level have been in- 
corporated in tht^ formulation of the problem, all other remaining states have 
negligible effects. Hecjemtiy, Temkin and Pohlo (1963) liavi^ cjaieiilated the singlet 
S-wave phase shift in electron hydrogen atom collisions below the inelastic 
threshold, they have obtained two rcsonancc^s, the first one centred at 9.4 ev 
is broader than the second one occurring at 19.1 ev. 

In the present paper, we have investigated the the S-wave phase-shift values 
in electron-hydrogen atom collisiims. Siiiee tin* proton is very massive compared 
to the electron th(* wavefunc'tion for the electron -hydrogen system will depend only 
upon the coordinates of tlu^ bound and free electrons. Here we assume that 
the distortion of the initial Is -static is in tlu^ form of a supi^rposition of higher 
oxcitwl states indiujed temporarily when the imudent electnm is close to the target; 
hut when the colliding electron is far away, the original Is-state of the bound 
(dectron is restored. Our formulation is in (*onformitv with the remark of Burke 
and S(5hey (1962). For simplicity of (calculations, we have considered the virtual 
(^x(*itation to 2s and 2pQ states only, the polar axis being taken along tlie target 
nucleus. Wo have used Hultlien’s variational method to calculate the J:>-wave 
phase-shift as a function of energy and we have neglecited the effect of exchange. 
By making use of Breit-Wignerformula we obtain a resonance at an energy 9.74 ev 
which agrees favourably v^dth the most recent oxjierimental findings by Schulz 
(1964). 

It is worth mentioning tiiat calculations vdth the variational 

method by Mass(\v and Moisei witsch (1951) and Geltman (1960) have failed to 
sliow the occurrcjiice of resonaiK^e, whereas our suitable choice of the wavefunc- 
tion brings out the resonance with the same variational method. 

THEORY 

The wave function r^) of the system of two electrons moving in the 

field of a proton satisfies the wave equation 

(//-^) ^(rj, Ta) ^ 0 ... (11 
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in atomic units (i.o. e = m = h ~ I = hore and Tq aro tho oo-ordinate of 
the atomic electron and impinging electron, rospectivtdy, relative to the proton 
and ri 2 is the distance betwoon tlie electrons. 

Expanding the total wave function ^ in tonus of the eigen states of the target 
Hamiltonian^ wo have 


^(**1 rg) (S -(-J)»A«(r,) K(r2) ... (2) 

n 

where the summation and integration signs have their usual meanings. Hero 
^n(^i) represents the wave function for the /i-th gtatc of the hydrogtui atom and 

satisfies the eigen-value equation 2 / 17 ^ j d where repre- 

sents the eigon-onorgy of the n th .state of the atom. If the kinetic entwgy of 

K 2 

the incident electron is , the functions must liavc*. the asymtotic fonns 




pH\.QT2 


r 


2 




and /„(«,. ... (.3) 

where E — -f- E„ — +E„ 

Here Eq and represent the energies of the ground state and tiie statt'- *)f the 
atom respectively and and Kn roprcsciit respectively the moimuita of tlu^ imu- 
dont electron and st^atterod electron after excitation of tlu^ i/,-th state of the atom. 

To solve equation (1 ) under the piv^scribed Imundary conditions in (2), we shall 
apply the variational method of H\ilth(ui (1944). Wc* make a ('hoicc^ of the fol- 
lowing trial wav(^ function 

*’2) /Yf*"!- **2) 


where *" 2 ) ~ ^u(^i) ^ ^ ~ ^ -1 «^ 2 »(»'i)'’ ''“H A'A2?'oiri. ra)'^ 

hero we have token only the S-wavo part of the seatterofl wave and y(r,, rjs) satifl- 
Bea the normalisation condition J y*y<ir, -- 1. Cf>rnH;t to tenns of the order of 
a* and /ff*. The wave function Fir^) having adjustable parameters a and b has 
the asymtotic form {e»ko.vj-|-a cos and is finite at the origin. Tlie S-wave 

phase-shift is given by ifo = ton“* a. 
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Wo Hiibstituto tlio trial wave function r^) in the variational integral 

( // ^ dro ... (4) 

and evaluate; it. Tlie value of th<^ phaae-paranietor 'a' is obtained from the fol- 
lowing set of simultaneous equations 

L(a, /?, h;a) — 0 
da 


ilL 

OL 

Db 


0 


^ 0 


Tt is to be not<;d that <'ub(;s and higlu»r powers (d* a and /? in L have been nog- 
le(;ted. 

^Tf 

The olasticS-wave cross«soction 2 //o 

fn disucssing the resonance effect, wo decompose the total phase shift into 
two parts as -- rj^oHnUai H- Vre^onanee when‘ // potential is the slowly varying 
potential part of the phas(‘-shift and y r(;sonanco is the phast; shift due to the 
resonanc(‘ efie(jt. Following Burke and Scluy. W( Avrit(‘ 

Qtotrtl 2^ V^^pot 


when; ^4^^, — e2iVpot \e2inr«g —1 ] 

and ~ 1] 

The S-wave resonant ])art of the cross S(;ction is WTitten as 

i2 47r 

Are, j =- -g-5! ^n^flrd, 

Hon(;e w^e got Qf^g as a function of 


Or. 


K 2 
-*'^0 


Calculation of L 

The variation integral L in (4) can bo written in the form : 

L — L^-\-L2 


A = / ^*-P4rg+ / B*Qdrz+iiC*Rijr2pa*i,r, r^) ri)dri dr^ 


where 
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und I,j = f [ *•*)] 

J 1 \r^ 

■B^irjj,(rj)+C?^2po{ri. *‘2)Jrf'r, rfr^ 

in which 

A = (l- e-2r, ) F{r^: 

B — ae—ft F(rJ 
C = fie-f) F(r.J 

Q = V2*fc-»-2^’(r,)}+AV^-»-2^’(ra)-j-2(.,,-e2)«-‘-= F(r^) 

R — — ^ ’■ 2 A(r,) cos 0^.^}-\-K - r-F{rt)^ 2(f.,- f.._,)p -»‘2 Fir,) 

COS 0^2 

A*, B* and ('* ar(^ the (u)inplox conjugaios' of Ay B and (> respectively, 

and and are tlie hindirjg onorgioj^ <»f the ground state (Is) arid 2s (also 2p) 

states of the atom respectively. 

On carrying out the integrations ov(vr rir, and over the angular eo-ordinates 
O 2 , 02 <i5r2-space, we get 

=- ^ f fHH cos \ .vsin 'ZKar„](lr.. 

0 

— tf J [9(1 — 2 AonJ I M «'» 2 A’„rJ(/r 2 

Aj 0 

_ J [7p2(l+cof 'lKar.i)^ sin 2 Ao»' 2 J«- 

2A„* 0 

-no? J \lr^^]e-2ridr^ 

0 

— f f7j(,2(i4.co82A:„rj)+14j>8in2Aor2]e-2»-2 drg 

0 

_ VH- J [4p*(l H cos 2Aorg)+8l) siji 2Ao»-2] - 
0 

— f[7rg*+8>-2r2rf»-2 
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where 

p = (a-f 6e~»*2)(l— e-r2) 
q = ae~»*2+6(2e-‘2r2 ^g-r2) 

B ^ — ac“»‘2+6(e-»'2— 4«-2ra) 

Similarly, we get 




C/O 

+87r j [(r,*+r2)e-2rj]drjj 


0 


4- 


Tra* 


f[(V+2^+<'+-*) 



) 


e-4r2 



4-7ra* j" [(r,*4-2r,®+6r3*-f 8r2)e— 3rj_8(rg*+rg)p-4r2](ir2 

0 


nP^ 

2K„». 




8®4-fi»'2 


1-22+ !— + 


»6 , 96 


4 -s) 
r^l 


3r2 


00 



— 8 ^ 1+ j c— j tdr^ 

e-2r2 + (rg4+6r2a + 22r2H56r2+96+?? ) p-Sr* 


— 8(rj*+rj) e-4r, j 





e 



2rja+8rg+24+ — -4^® ) e ]« dr* 

^*2 ^2 ' 


00 

4-»ra/?f i (48)e-^a- (2r,«+8rg»+24r,a+48rg+48)e-'*‘*J dr* 
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^ tdr^ 

® 0 

0 ^ ^ 


_^ 32x2i n/i r r / , 96 , 64\ _s/2ra 64 ] , 

243 • 2V j L \ ““ ' ^ ^ 7} I '' ry 


2’4:r I 64)f— r./2r,, 64f -»', Irfr.^ 

0 -I 

whero < ^2(1^ 2AV2)H sin 2 Aor. 


Thero ik no furthor difficulty in carrying out tlio iutogrations appearing in A, 
and i/ 2 , although tlie calculations become very tcvlious dii(^ to the occurrence of 
a largo number of terms. For simplicity in calcidations, we have taken h -■=- 0. 

In the low energy region wv. fir^t find the solutions of th(‘. quadratic liquation 
// — 0 obtained by putting a = /^ = (). One of the solutions agriHiS witJi th(» 
rewults of Ma8S.ey and Moisoiwitsch (1951). Now to find thi* required solution 
of the sixth degroo equation at low energy we search thii root in the noighbourlioiKl 
ol the particular solution mentioned above; a root is obtainiid differing only sliglitly 



'Koafau) 

Fig* 1. The S-wav© phase shift is plotted as a function of Kgi in the neighbourhood of 


resonance. 
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from tlio particular solution choson of the quadratit; equation. Once the root 
has b(fon fixetl for a partic ular low energy, the phase-shifts for higher energies have 
been obtaincsd by solving the sixth degree? equation and using the continuity 
property of the pliase-shift. 

RESULTS AND DISCUSSIONS 

We have evaluated the S-wave phase-shift values for the ease 6 = 0 in the 
trial function f (rj), for energies ranging from 3.4 ov to 9.85 ov by using only the 
coupling of Is, and the virtually oxcited 2s and 2pn states. 

We give a jilot of S-wave phase shift value* ver.«ua in Fig. T. In the 
present calculation the 2s state gives a large correction to the 8-wave phase shift 
than the 2 pb state at tlic energy range under consideration. This fact has biwn 
corroborated by the results obtained by Bntke and Schey (I9B2). 

The miHit notable charactcristii; pari of our result is the sharp incroasc in phase 
shift values above — .70. The curve has a pronounced resonating behaviour, 
wdth a de.finite, flattening out before the thrcishold is reached. 

In the Fig. (2), we have plotted as a function of A'^'^ Using Briut-Wigner 
cross section formula 


Qr«$ 


in n/ 4 

(Jl!-Kre,r I 

4 



Fig. 2. The resonant part of S-wav© cross-section is plotted as a function of 
we obtain E„, = (.7l58a.u.) 9.735 ev, which agrees very favourably with experi- 
mental findings by Schulz (1964). The value of our resonance cross section comes 
out to be 5.203wao* and the calculated value of the width F of the resonance state 
is found to be about .065 ev. 
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In oxporiuu‘ntb by Sc.luilz (hM)4) it has lu'c^n oIisitvimI tliat the Midth of rt'si)- 
nanco in atomic hydrogen is approximately doubKi that of helium, which could 
not bo rosolvtnl due to limited (uiergy n‘sohitioTi (‘\ )iind the dn>p m tlu‘ I'lastic 

soattorin^ cro«s]section. indicative of r(^!*onanc(‘, is cc>ntri‘(l in the* vicinit\ of 11.7 1 
.15(*.v. Honce the })ositjon of liydrogen resonance in our eas<‘ is in mu\v ^ood 
agrooment with the t^xpmimental tindings by Schulz (i1Ki4) Also our total S-wav<- 
cross section lor tlie emu’gy ev comes out to h(‘ eciual to 12. *12 in units (4 
7 ^a^y^ wiioreas the exjierimental value of the total (*ross s(‘.ction Iron) th<‘ t urvi* ol 
Noynaber (MHil) js about ll.lS;r</,j" ilcau'c otti“ result lor total S-wa\c cross 
section without (‘xchange in the low eiuugx ri‘gion agnns reasonahic well witli 
expiTiment 

Recently, seviwal theoretical j)ap(*rs have a])p€'ar(Ml showing tlie i‘xisteiice of 
of resoTiaiico h‘V(U below the thi*(‘shol<l for I'xeitatioii of llu* s(‘(*on(l (|uaritiim levti 
Thus, Burke and Sclu'x (Ihh2) have obtained a r(‘»onanc(‘ at \) til (W . with a width 
of .ltM»ev III ^S state and the eorrespoiwhiig re.sonance ert>ss seet ion being 
TTfiff. iShiiiuM’ical cahadations taking tin* (‘fh‘et of excliangt' into account an* in 
])rogress and will la* })ul»hsh('(l soon 
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piaU' rv 

ABSTRACT. mirtr ultmviolol ubHorption spectrum of p-bromophonoi vapour iu 
I ho H003-2H30 A Ims Ihhui recoi(l(Ml for flio first- time iiud vibniiiomil asHigmuents Imve 

been proposiul 'I’lie luteusi* baud id 2tt7li.SA (34799 cni'i) has bei'ii idcntifu'd as the 0,9 
uliil*' elber Inuids tmve be(‘ji explaiiKul ill femis ef tliirleen ground state (195, 251, 293, 
323, 490, 574. 030, 825, 858. J022, 1008, 1189 and 1250 cm 0 and thirti^en excited state 
(188, 249, 277, 472, 581, 708, 795, 923, MHO, 1057, 1180. 1272 and 1551 eni'i) fundamental 
Mbra-tions. Tlu^ biMid system lias be(‘n attributed to the < 7 r* ‘JT transition of t lie ])licnvl 
group 


1 N T KO \)V (IT] ON 

ft is known that llu* olectronii t-ransition whicii oci in'f' in houzono in the roj^ion 
2700-220()A appears al longer wavtOengths upon substitution, it was pointed 
out liy the aiitlior on tluMin^tieal grounds ((Ihandia and Tripatlu 19011) that, for 
AVt'ak intt‘raeting groups, if hotli substituents of a di-d(TivathM' of benzene> are 
(*ilJi(*r ortbo-para directing or ineta directing groups, tli(‘ order of r(‘d shift ofO, tl 
hand of oHlio. nu*ta and jmra ( omjiounds is n - ; m ■ : p. Tt is in harmony with tht^ 
(d)served red shifts of 0, 0 hands of lialogenated di-derivatives of benzene, tluoro 
toluenes and hroim)toliiem*s Since ^ OH is a para directing strong interaeting 
group, it was worthwliile to sludy the effect of substitution of halogens upon the 
longest M'av(‘lengtli 7r*4-7r system in the idei'tronu* sju*etruiu of phenol. Fluoro 
pluaiols (Tew ari, Shanna and Tripathi, 19(53), chlorophenols (Ramasastry, 

1951 ; Misra and Banerjei*, 19(51 , Joshi, l949-()3; and I'padhya, i949-()3) and ortho- 
hromphenol (Ranerjee, 195(5) havt* drawn tlie attention of sevcTal workers. It 
was, tlierefore, considered usid’ul to study the absorption sjiectra of brominated 
j)h(MU)l vapours in tlu^ ri^gion 2(50<lA, as they liave not betui studied before in this 
part of the spectrum. This pajier deals wTth the rc'sults on the ^^-broni. phenol. 
Soim^ ground state fre(]uen(*i(‘S of this isomer are known simte Raman (Kohlrauscli 
and Yj)silanti, 1935; Landolt-Rornstein Tables, 1951) and infra-red (Panxli and 
Cotton, 1941; Lecomte, 1938) spectra of it have been taken in the liquid state. 
No polarization data are howTwer, given. 
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^*<r-7T Syetem in the Electronic fipectra^ etc, 

iO X V K \{ I K N 'r A 1. 

Tho proc(v1ur<‘ foilowcv] in of^taining Ui<* present spc'ctruin is tli(‘ same as in 
the previous similar studies iVoin this laboratcay (diandra and Shariim. IlMili). 
Spectrogram was pli(iiograplu‘d on Hilger nuslinni and larger (jiiartz spectrographs, 
using path lengtljs of tlu' absorption ccdls varying from 2;> to l(M>cm.. and tern- 
peratiire^ ranging WUwrn and ir><f'(^ at rcHiuce^l as well as atmosiihoric 

pressure. Tlie spi^etrum uas reeonled on Ilford N -30 and N -4b plat(‘s. Slit 
widths cd about 2b microns Aver<^ used. A hydrogen arc lamp s<*rved as tin sources 
of (‘ontinuous radiation. Tlu‘ (*xposure of lb minutes to 3 hours w(‘re rc^cjiiirod 
to rtn^ord the spt*(*tra in the* va])our phase froix ar(* was photogra])hed on eacii 
sp(‘ctrogram as comparison. M(‘asurements were made on tliree different plates, 
four times on (nicli, with the help of Hilger comparator having a h^ast count of 
b.bObl cm Cah;ulati(»ns were made v\ith Ifartmann disjxa'sion formula and 
weig}it(‘d mean valu<‘s of wavehmgths w(U‘e taki'ii. Ft is ladieved that tlu' posi- 
tions of sharp bands were obtained with an accuracy of about 4-3 cm ' Th<? 
(diemieal was B.D.fl.4 highest grad(‘. The bands wvw carefully check(*d for tin* 
presence of tlu* banrls of phenol and tlie other derivatives of ben/ene and mau^ 
W(Te d(‘tected 


b i<:sr bTs 

Fig. 1 shows the (‘iilargi'd reprodmdion of tlu* near ultraviolet absorjdion 
spectrum of 7e}>rom(»])hen<»1 using a jwithlength of 73 cm at atmospheric firessun* 
and diffenuit temperature's. The low(*r and upper strips an* at ~7b ('J with 
exposure* time's of one hour and Jialf hour rcsjH*ctiv(dy, whiles the central strip was 
])hotographed at ~J Ib^’C- witJ) expeisure' time' eif one and a half hour, 'flie^ vahms 
of wav^e-ninube*is te>gethe'r with visually e*stiinat(Ml int<‘nsitie*s, separations from 
b. b band and the' proposev] assignments are' givem in Table' I. 

TJie bands lying in tb(‘ rt'gion 3bb3-2b3bA re*present the longest wavelength 
TT* <—7T systemi of this isome*r ((Miandra, UM»4) As (*an be* .sc'en from the' re'preidue*- 
tions, the bands are de'graded to tlu* n*ei. Most of the^ baiuls show fairly sharp 
eMlges twards the viedet , and fall inte> seweTal groups. Tlie* greaips heceime graelually 
less proiioune*ed towards the shorte'r wavektngth sieh* of the spee*trum, 

ANALYSIS ANI> 1) 1 S (! S S 1 () N S 

By replacing tlio lwe> parahyelreigen atemis of beuizene' by -Br and Oil 
group p-bromophene>l CflH4(0H)Br, is e>btaine^l. To a first approxirnatiem ( OH 
group is taken tei be oni' mass-point), this molecaxle re.Hluces to symmetry 
from of benzene, the symmetry elememts hewing the' nudeciilar plane' e*on- 

taining all the atoms. the two fold axis passing tlirough para — Br and —OH 
substituent groups anel the plane, perjiendicular to the mede.cular plane and 
pas.^ing through tlu* twe> feilel axis of the meJoculo. lender the rerluced synimetr^^ 
the transition Bg <-Aj, with the transition moment in the plane (YZ) of the mole- 
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< iil(‘ aiul corn'spondiM^ to tlu* forbi(l(l('-ii transition <— A,,, of honzono, hecomos 

al]o\V(‘fl. It is thus cxpc't'tc'd that tlu* sprrtnun of this isomer sliould show tlu^ 
f(‘atiin‘s (Spon(*r fuid lh4l) of an allowed transition, namely, a strong 0,0 

hand and excitation of totally syintmdrieal vibrations, with nontotally symmetrieal 
vibrations ap])eanng as 0 0, 1,1 ...e r transitions, and jnon^ weakly as Ae = 2, 4 
(‘te., and on(‘ should not I'Xjieet th<‘ feature's of a forbidde^n transition to appear 
with any promimuiee*. ft is also to be (‘xpoetcMl that thi' 0, 0 band (the pure 
(‘lectronic transition) should be present in the hist group of bands towards longer 
wav(‘l(‘ngths and tlu' band at 24700 (-m ’ (2cS72.SA) is eons('(jU('ntly assigned as 
th(‘ 0,0 band. Towards longer wavelengths from the* 0,0 transition, a mimb(*r 
of bands w(*r(‘ found which apfs'an^d iindt'r diffen'iit conditions according to 
their differe'iit Boltzmann factors. Tlu> se'parations lOb, 251, 202, 222, 400, 
574, h2ti S25, S5S, I022, lOhS, IISO and 1250 cni”^ (f these bands from the 0,0 
band give obviously the tundanu'iital freepieneies of vibrations m the ground state, 
and tlu'v should agrt'e* with tlu* Iranian aiwl infra-r(*d freHim*nci(*s (Table* TF). 

Towards tiu’* viok't side* of the* 0. 0 banel erne* ed>serve*s a numbe'r e>f stremg 
banels, w’hie'h belemg to eliffe‘re‘nt groups. The* se'fiaratieuis ol the*se fremi the 0,0 
banel give* the* fre*.ejue‘ne*ies ed‘ vibratiem in tlu* iippe i* e'le'e*! ie>nie* state* eif the* 
me>l(H*ule*. Ih’eimme'nt bands on the*- short wavelength siele* of the* 0.0 liand we're* 
found to involve* tlu* e‘xe‘ite*fl state* fundanu*ntal fre*e|ue*ne*ie‘c ISS, 240, 277, 472, 
5SI. 70S. 705, 022 1010, 1057, I ISO, 1272 and 1554 eni ^ The* e*-xeit(‘d state* 
vibrations 277, 472 anel 705 e ni are feunul in seve*ral progre'ssiems anel ceimbina- 
tiems. Tlu'se* fre(|ue‘nei(\s are* elefmite'ly associated with totally symnu’trie 
vibratiems (a^) in the e*xe*ite*d state* e»f the* nmlee-ule* 

In eli.se*ussing the nature* eif tiu'se* varienis vibratiems we shall be^gm with the* 
iele'ntitie-atiem of e-arbem ring vibratiem eif the* type* c,, ' (in benzeme) winch splits 
in the e*ase e>f ("j,,, symme^try into the two <-emipeme*nts, one* totally symme'trie* 
(r/J anel the eitluT nemteitally symnmtrie (k^). In memei-bromobeuizc ne* (Satya 
Brakash, 1040-02) the e*orre‘S|)oii(ling value's are* 2IOu, anel 0I5/>.^ ri*sj)e*e*tive*ly. 
This be*nzene 000 cm ^ s])lits intei twei vibratiems 527e/, anel 022/^^ in the ease» e>f 
memei-hyelreixybenze'ne*. Kruiwn shifts in the s-peetra eif either de’rivativi'S eif be*n- 
zenes are, for e'xample, bronuibenzone 015— ►OIS (10%) (Satya Prasksh, 1040-02) 
p-flueireiphemeil 042-^504 (I2*h,) and 405->41S (11%) (Sharma anel Trijiathi, 
1002) and 7i-chlorei])he>nol 042-> 52S (lO”',,) anel 277 250 (7%) (Upaelhya, 1040-02). 
One w'onlel expect tiu' pere*entage* dee*r(*ase eif the ,same* e>rele*r in this e-ase* alsei 
With this in mind. w'(* have* tried a grf*at<*r uujiihe*r of eeimbinations It is found 
that the pairs 020->581. 222 -> 277 show reasonable* shifts anel their Ar’s fit 
eihservatieins. It se*ems re'asonahle to take them as u, and k> eeimponemts of 
benzene 000 em“‘ —0 C in plaim bending vibration. 

In pheneil the infrared free^ueney SIO is aseribed (Ijeeiomte, 1027) tei the teitally 
s;vmimetrieal -0— OH vibration. The eorre'Sjioneling freepiencies in the case eif 
hyelroquineine, reseireunol and e ateehol are given as 820, 748 and 708 cm“^ 
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rt'spoctivc^ly (Bock, 1950). ()ih* sUmM Uk* .sanu^ nuivr of totally syn)tni»tn<‘ 

---(/ OH vi]>rati()n in this case also In Raman s|)(‘(*truni of y>-l)ronioplu‘Ta)l 
S 19 and S25 cm"* are t wo ir’o(|m'n(‘H s with intensities 19 and 5 respt‘etivt‘ly. in 
s(‘ar{*lunj^ on t he rod side o1 tin* tt, 9 hand for frecjiiiMieies foiiml in tla* Raiuan 
speetnini two nearly (‘qually intense hands displactMl hy and SoS t in ' respec*- 

tiv^(*ly are ohtain(*d Aeeordinji to the ana!\sis ^ivi*n in Jjandolt-Bornstoin (1951) 
and eonsiderin^i tJie OH slrotelnn^ fiimlanumtals of oUkm* dt'.rivatives of 

phiaud, tlie lower of tin* t uo js tak(*n as (' OH atretehin^ vihration (Tahh' III) 
Tin* eorr(‘S])onding ('xeited state fundann'iital is tak(^^ as ThS i ni ' This fi’i'* 
(pioney separation towards shorter wav(*len^th side of 0 9 hand eonld also In* 
('XX)laijH*d as 9 | 795 2S But tin* intensitx and hroadnl‘s^ of this hand to'^i*!!!*'!’ 
with siniilarity in s(‘paration lK*t\\t*(*n an\ eom])onenl in tin* struetun* ol this hand 
and a eornvspondin^ eonijiont'nt in tin* strueture of 0, 9 hand suj^^i'sted to tak<* 
it as finulainontal. Werner ( I9()2) has sn^j'este<l S,2// as lla* wavelength (*orr(‘s« 
ponding to t-ln* hand e(uni('elni^ tin* OJI jL^roiiy) to aromatic rin^ Kh'tz and 
Bri(*(‘ (HI47) have also takiui tin* region of stronf^ ahsorption anuind 1299 wave- 
nmnh(‘r (in infra-rc'd spi'ctra of alk\ I pln‘nol) eorr(‘s}>ondinfi to the val(*in*y 
vihration of tin* strongly p<dar - O hand Tlu'n* ar<> a numhi*?’ of \\(*akfT 
hands in tln^ wa\ (*-I<aigth n^gion in (pn'stion all of which havi* otJa*!* n'ascmahle 
(‘X])lanations rtd(K*snot si^i'ui d(*sirahle t<^ <*orr(‘lat(‘ an\ of tlu‘m with totally 
symnndrie - (^ OH stretching nnwle of \ ihration v^'jthout d(*polari/>ation data 
of the Hainan spi'ctnmi. 

As lias already Ixsmi nientioiuHi, tin* t'xc.it(‘d state vihratams 795 aial 472 cm * 
are proniiiKMit and ])rogr<‘ssion forming in the spei trum of />d)romopln*noL Tin* 
r('S])e(*tivi^ fri'qin^ncies in tin* ground stat<* are lakmi as S5.S and 574 eni ' (Raman 
valin*s S25 and (>92 cnr *)res[)(‘etivelv In Landolt and Bornst(‘m Tahh* (1951) 
S25 em ' hand with intmisitN 5 has h(*(*n assignesl as (' H out. of [)lane 
bending vihration Bc'cause d(*polarisal ion data for Raman spectrum of this 
inolei'ule an* not, available it we(*ms probable that, the m(*fiium intonsity of tin* 
hand has fx'en taken into i onsid<‘ration for this assignment . Narasimham Sahhan 
and Nielson (1959) have sugg(*st(*d S]9em ^ to lx* tin* symnu'tric carbon hri*athing 
modi' in case of p-fluorohromohenzene The unit ()- il has mok eiilar W(*ight 
of ahont 17 which is v(*ry nearly the atomic weight of fliiorint*. Ft can he (*xpoeted 
that pdnoniojilKmol and p-hroino-fluoro-hi'iizeni* may have* the ring breathing 
fundamental of thi* sami* order. Taking this into account and eonsid(*ring the 
shape and })(*re(‘ntage ahsorption of S.‘i9 em ^ hand in infra-r(*d region 825 cm * 
in 2 >d)roinophenol has been eonsideri'd to he the eounti'i-part of the totally sym- 
metric carbon ring benzene vihration 992 em^^ instead of (' H out of jilane bend- 
ing vihration. 

The ('Xeited states fundam(*ntal 472 cm ' forms the })rogression iipto Ac 5. 
These progression forming hands dexTeaw' in intensity as ex|K*eted in viinv of 
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I?()lt//nianri facttn*. TIk* (ormspondifie: "rourul slate* fiirulaincTital is 574 . 

Thf'S(' fr(*fjin*fi<'i('s ill view (>1* th(‘ir aj)p(*ar(*iu‘e and oennhining power seem to bo 
totally syitini<*tn('. In infVa-r(*d spo(*tnun of p-bromo-lluoro-honzoiio 59'6 cm~^ 
(NaraHinliain, Sat)bfin and Nielson. 1950) is assignoel as -C — Hr stroohing mode of 
vif)ration In view of this fa(*t, those* futidanie ntals 574 and 472 cm ’ are taken as 
totall\ syniMK'trn* Hr stroobing mode* of vibrat ions in the gnaind and oxeitod 

stat(*s rosyK*otiv^(‘l \ . 

Assignnu'nts for a f(‘\\ juoro fundaiueiitals invedving very likely totally sym- 
niotrio vibrations may bi^ suggostod. The oxoitod state fundamentals 923, 1272 
and 1554 oTh * hy forming ooiubinations with other ground and excited state 
fundamentals, aco(/U!it Ibr the majority of the bands in this system. Their fre- 
<|nent oocurroma* is sugg(*stiv^o of tin* ring vdbrations and this would corredato 
them with 1010 (J— in plane bending, 1485— (< 0 stretching and 1596 
- (h 0 stretching groundslait* lieir/em* vibrations resj)ectiyely. 

Tfiree fre(|U(uici(^s at 1016, 1057 and llHOcm*' are i‘(‘pr(isent(‘d by stnmg and 
medium strong bands respc'ctu'tdy in the ultraviol(‘t s])ectrum. C(>rr(*sp()nding to 
thost* the ground static fre((U(mcies are 1068, 1189 and 1256 cm ^ respectively. 
There are three' Raman lines at 1064. 1 186 and 1276 cm“' whicdi correspond to above 
stated fundamentals. The tw (» pairs 1068, 101 6 and 1189, 1057 cm * may represent 
the lower and uppc'i* state fundamental fre(pi(mci('s n'spt'ctively of two totally 
symmi'tric -(^-H in plain* bending vdbrations. 

Thi» upj)(*r stat(‘ frecjut'iicy 1180 cm"’ forms progri'ssion upto Ar - 2. On 
ajiplying tlu* sel(*(dion rul(*s, it appears to b(^ a totally synunetric vibration. It 
is assigned as C Jl in plane bending vibration corresponding to 1236a2^; 
benzene vibration. A. stab* nHlucts to nontotally symmetric Ik, static in Cgr 
point grou}) and totally symmetric A' state in (\ point group. Tf we take —OH 
grouji as (UK unit, [mra-brojuo phenol molecule* at best belongs to the point 
groiij) (\i,. If w(' tak(‘ OH bond IxMiding to ^\trom’ O bond in the molecular 
plane, this molecule belongs to the point group with only the molecular plane 
as tlu* elenumt of the syjumetry. Tlu* behaviour (if the upper stab* funda- 
mental 1180 cm ’ as a totally symmetric vibration indicates that tlu* molecule 
para-bromplu'iiol belongs to point grou}) in the ex(atwl state. 

Kohlrausch and Ypsilanti (1935) have r(‘ported 290 cm ^ as ground state 
fundanu'ntal in Haman spectrum of this molecule. Corresponding to it the ground 
state fundamental in the ultra-violet absorption sp(*etrum of ^i-bromophenol is 
293 cm' ’ On comparing tin* data for other substituted phenols (Landolt-Borns- 
tein, 1951), it is found that 371 , 331, 290, 378 and 296 cm*’ are given as ~0~ OH 
in plane bending ground state* fundamentals of 7 )-fluorophcnol, jo-cbJorophenol, 
^-bromophenol, o-chlorophenol and o-bronioyihenol respectively. It can be f^cen 
that then* is a systematic* variation between the ground state fundamentals of 
these molecules and heiu'c assignment seems to he eorrecit. In sean^hing on the 
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TABLE 1 

Ultraviolet^ Absorption bands of para-broniophonol 


Wjivt‘ 
iiumbtn- 
(y) cm J 

Holativo intuiisity 
l5ithloiigth 75 <'iii 
Tomporaluros 

110°C 70"C 

Shift from 

0 6 biitid 
(Ai') J‘m t 




1 

2 

3 


4 



33300 

1 

- 1 499 

0 

858 636 



33445 

i 

1354 

0- 

1022 323 



33543 

2 

1256 

0 

1256 



33577 

o 

— 1222 

0- 

1022- 195 



33610 

0.5 

-1189 

0- 

1189 



33666 

2 

-1133 

0- 

636-490 



33694 

0.5 

- 1 105 

0 

1022-2(43) 



3.3731 

4 

KMiS 

0 

1668, 0 1622 

43 


33777 

3 

1022 

0 

1022 



33909 

2 

- 890 

0- 

H5S 2S 



33941 

1 

- S5S 

0 

S5S 



33974 

4 

-825 

0 

825 



34076 

1 

- 723 

0 

636 -2(43) 



34147 

0 . 5 

652 

0 

636 18. 6 2( 

323) 


34163 

•) 

— 636 

{) 

636 




34183 

3420H 

342r>r, 

34232 

342G‘» 


o.r> 

0.5 

4 


GIG 
-591 
574 
5G7 
- 530 


0 574—43. 0 323 203 

0 574- IS; 0-2(203) 

0 -574 
0 400 - 7 4 

0 -400 13 


34300 

34334 

34361 

34304 

34422 

34447 
3447G 
3450(» 
345 JO 
3454S 

34578 

34G04 

34624 

34653 

34669 

34686 

34699 

34713 

34725 

34743 

34750 

34771 

34781 

34799 

34805 


0 5 
0 5 

0 5 

1 


2 

3 

4 

0.51) 
0 51) 

0.5h 

Ob 

01 ) 

3 

4 

G 

6 

6 

7b 

8 

5 
9 
2 

10 

hi 


- 400 
-465 

- 43.S 

- 405 
-377 

352 
323 
293 
28(^ 
--25 1 

-221 

-195 

- I 75 
-1 46 
- 130 

113 

100 

-86 

-74 

-.56 

-43 

-28 

-18 

0,0 

H-6 


0 - 400 

0- 1180 I 720 
O -1022 ! 581 
0 323 SO 

0 -323 5() 

0 323 28. - 203 56 

(» 323. 0 203 28 
0 323 I 33, O 203 
0 251- 28, 0 — 858 ; 581 

O - 251 

0 3(74) 

O - 105 

0-4(43); 0- 1180 i 1016 

0-2(74); 0-1068 1 023 

O - 3(43); 0-1180 1-1057 

0- 4(28); 0 -2(636)-f 2(581) 

0 57H 472, 0-1022 1023 

0-3(28); 0-2(43) 

0-323 } 240 

0 -2(28). 0—636 j 581; 0 -825-1- 76S 

0 - 2934-240 
0-825 1-795 
0-490 h472 
0,0 

04 - ' 581-574 
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TABLE I (contd.) 


\Vii\ «• 
iuiinl)f*r 
(v) rni J 

Prtthlon^tli 75 cm. 

'IViupcrittiiiv.s 

110(^ 70' (' 

Shift IVom 

0,0 hand 
i^iv) cm • 

AHisigmnonts 

1 

2 

3 

4 

:{48;w 

Itxl 

i 33 

0 1 1057 1022 


11) 

i 67 

0 t 923-S5S 

luoor) 

0 5 

! 106 

04 188- 86 

34!»32 

0 5 

j 133 

Of 188-50 

340n() 

•> 

{ 161 

0^ 188- 28. (^+240-2{43) 

34387 

1 

-hl8S 

0 1 188 

3r)(M)2 

3 

+ 203 

0 + 277-74; i) j 249-43 

3r>ois 

5 

^ 210 

0 1 277 50, 0 1 240- 28 

3r)<)3 1 

0 5 

i 232 

OH 277- 43. 0 4 240-18 

3r>(»4H 

71. 

i 24!l 

0 4*277-28. 0 1-240 

35(m(i 

2 

-} 261 

0+277-18 

3r)(»7(» 

8 

I 277 

0 4 277 

3r)l(Ki 

0 5(1 

1 307 

OH 277 1 33 

35117 

0.5(1 

1 318 

0 1 240 f 07 

35143 

0 5(1 

1 344 

0 + 277 1 07 

35180 

1(1 

1 381 

0 h2(l88): O-h240 [ 188-50 

35212 

21) 

-t 413 

0 f 472-50. Of 240+188-28 

35233 

2b 

1 440 

0 1-472 -28; 0 f- 249 + 188 

35258 

3b(l 

t 450 

0+ 472-18 

35271 

5 

t 472 

0 j- 172 

35288 

3bd 

1-480 

0-|_7<,r,_203-lK 

35304 

5 

1 505 

0} 705 -203 

35327 

3 

1 528 

0 1 581 50 

35330 

2 

j 5(0 

0 1 58! - 43 

35352 

3 

- 553 

OH 581-28; OH 2{277) 

35303 

1 

1 564 

04 581-18 

35380 

4 

■ 581 

0 1 581 

35417 

2(1 

t 618 

0 1 581 i 33 

35448 

35473 

2(1 

3 

i 640 

1 674 

0 1 581 + 07 

35482 

3 

f683 

0 V 708-80 

35402 

4b 

1 603 

0 1705 -100: 0 1708 71 

35510 

Oh 

+ 720 

0 i 705-74; O f 708-43 

35541 

4 

i 742 

0 1 705 -56; 0 ( 768-28 

35567 

8h 

1-768 

0 1-705-28: 0 1 768 

35504 

9 

1 705 

OH 705 

35602 

4 

1 803 

0+ 1067-251; 0 ^ 768 4 33 

35627 

2b(l 

4 828 

0-f 705H 33; 0 4 3(277) 

35650 

2hd 

1- 860 

0 1 705 1-67 

36682 

2 

+ 883 

0+923-43 

35697 

1 

'rSm 

0 1 923 — 28 

35722 

3 

4-923 

OH 923 

36742 

4 

+ 943 

0 f 1016-74; 0H-2(472) 

35759 

4 

+ 960 

0+1016-56 

36771 

5 

+ 972 

0+1016-43 
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Wave 
number 
(v) om-i 

Kola ti VO inton SI t;y 
Pathlongth 75 cm 
Tomporatures 

110"C 700 

Slnft from 
9,0 band 
(Ar) om 1 

AssignmonN 

1 

2 

3 

4 

36787 

8 

+ 988 

0+1016-28 

36799 

3 

H 1009 

0+1016 -18 

36816 

9 

4 1016 

04 1016; 9 ! 768 i 249 

35S4K 

4bd 

t 1049 

6+1016 + 33 

36856 

3 

+ 1057 

0+1057 

36869 

5l)(i 

+ 1979 

0 } 7954*277 

36908 

1 

: 1109 

04 1180-74; 04-4(277) 

3592;i 

1 

+ JJ23 

©4 1180- 5(i; 94 2(581) -13 

36936 

1 

- 1 137 

0 i 1180- 43, 9 1 2(581) -28 

36967 

2 

i 1158 

0-1-1180-28; 94 2(581) 

36979 

4 

-1 1189 

0 1 1189 

3699S 

3bd 

1 1199 

0 1 1272 - 71; 9-t 2(581)4 33 

36018 

4 

4 1219 

04-1272-56 

36031 

6 

4-1232 

0} 1272-43 

36045 

7 

4 1246 

0-h 1272-28 

36066 

o 

-1-1256 

9-41272-18 

36071 

8 

4 1272 

94 1272 

36092 

4 

1 1293 

94 10164 277 

36118 

2b 

4 1319 

9 1 795-1-2(277) -28 

36139 

2b 

41331 

0 ! 1057 \ 277 

36147 

2b 

1 1348 

94 795 1 2(277); 9 ) 768 -j 581 

36161 

2 

1 1362 

9il5»54-l95; 9 | 5(277) 28 

36181 

21) 

4 1382 

0 1 3(472) 28; 9 1 5(277) 

36123 

2 

1 1414 

9 1-3(472); 0 1 1016 1 472-74 

36249 


4 I45<> 

04 1554 — 199, 0 1 1916-1 472 -43 

36276 

2b 

4 1476 

0 1 1554-74; 94 1010 1 472 — 18 

3629J 

4 

! 1492 

0 } 2(796) -100; 04 1016 1 472 

36316 

4b 

] 1617 

94 2(795) -74 

36363 

5 

1 1554 

94 1554 

36393 

6 

4 1594 

0 ] 2(795); O j 1016 | 581 

36412 

0.6<1 

4 1613 

04 10574 2(277) 

36470 

0.6d 

4 1671 

04 11804-795 — 293 - 18 

36488 

0.5d 

2b 

4 1689 

0 1 1180 ( 795 — 293; 0 ! 768 j 923 

36510 

4 1711 

0 i- 1016 + 795 -109 

36531 

2 

! 1732 

0 1 1189 + 2(277) 

36661 

2 

f 1762 

Of 1016 + 795-56 

36660 

36679 

3 

+ 1761 

04-1180-1-581 

4b 

+ 1780 

04- 1016+795-28 

36608 

6b 

+ 1809 

0+1016+795 

30641 

lb 

1 1842 

04*2(923) 

36660 

36665 

lb 

+ 1861 

04 1272 + 581; 0+10674 795 

lb 

4-1866 

0-f4(472)-28; 0 1 2(795)4 277 

36691 

lb 

[1892 

04-4(472) 

36716 

36747 

3 

1 

+ 1916 

04*1180+795-56 

1 

+ 1948 

0+1180+795-28; 0+1554 i 472- 
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TABLE I (eontd). 


Wave KcJativo intensity Shift from 

number Pathlength 75 eni. 0,0 band A«Higninent.s 

(p) cm ' Temperatures (Av) em • 

1I0'(’ 70' 


1 


2 


3 


4 


36758 

1 

+ 1959 

36773 

3bd 

+ 1974 

30793 

2 

4 1994 

30808 

3b 

+ 2009 

36823 

4 

+ 202i 

36802 

3 

+ 2063 

30885 

3 

1 2086 

30910 

0 5d 

+ 2111 

30930 

0 5d 

+ 2137 

3090<> 

0 5d 

1 2167 

30978 

Ibd 

+ 2179 

370(»3 

0.5b 

+ 2204 

37032 

0.6 

i 2233 

37054 

2 

f 2255 

37007 

1 

1-2268 

37081 

3 

1 2282 

37110 

0.6 

i 2311 

37133 

1 

] 2334 

37158 

1 

H-2359 

37183 

2 

42384 

37219 

0 5 

] 2420 

37247 

0.5 

+ 2448 

37202 

0.5 

H2463 

37287 

0.5 

+ 2488 

37305 

0.5 

+ 2500 

37327 

1 

+ 2528 

37332 

1 

+ 2533 

37307 

1 

+ 2568 

37399 

2 

4 2000 

37425 

1 

+ 2020 

37453 

0.5 

+ 2054 

37481 

0 5b 

+ 2082 

37508 

0.5b 

+ 2709 

37532 

1 

+ 2733 

37653 

0 5b 

+ 2754 

37504 

0 51) 

+ 2705 

37581 

0 5b 

+ 2782 

37013 

lb 

+ 2814 

37041 

0.5b 

+ 2842 

37695 

0 5b 

+ 2890 

37762 

0.6b 

4 2903 

37809 

0 51j 

43010 

37836 

0.5b 

+ 3037 

37806 

0.5b 

H-3007 

37993 

1 

+ 3094 


0+1180+795-18 
0+1180 + 795 
0 I 1554 1 472 28 

0+ 1 180 ^ 795 1 33; OH 1554 H 472 - 18 
0+1272H-795-43; 0+1554 j 472 

0 L 1272] 795 
0 1010+7951-277 
0+2(1067) 

0+2(795) + 2(277) 

0+1010 + 795 + 472-113 

O+IOlO f 795 ] 472 - 100 
0+1010+795 + 472-74 
O+IOlO 1-795 + 472 50 

O+lOlOH 795 [ 472-28 
0+1010+795 + 472-18 


0+1010 ] 795H 472 
0 h 1016+795+472+33 
0 I 3(795)-56; 0 f 2(1180) -28 
0+3(795)- 28; O-j 2(1180) 

0-1 3(795) 

0 f 3(795) + 33 
0+3(795) + 07 
0+1272-f 795 + 472-74 
0+1272H-795H 472-50 
0-1- 1272-] 795-1 472-28 

0^1554+1010-43 
0+12724796 + 472 
0-h 15544 1016 
0-1 1554 + 795 + 277-28; 
0+1016 + 2(795) 

0+1554 + 795 -] 277 

0+1554-f 795 + 277 + 33; 

0 ] 1554+1180-74 
0+1554+1180-50 
O-h 1664+ 1180-28 
0+1664+ 1180 
0+1010 + 795 + 2(472) 

0 + 1272 + 472 + 7954 277-50; 

0 + 3(923) 

0 h 1272+472 + 796-}- 277-28 
0+1272 + 472 + 795 + 277 
0+1554+1016 + 277 
0-fl554H 1010 + 472- 2(74) 

0+ 1554 1016 + 472-74 
0+ 1554+ 1016H-472-28 
0+1654+1010+472 
0+1564 + 472+796 + 277-28 
0 h 1664+472 + 796 + 277 


b ^ bruad; d diffuse; bd — broad and diffuse. 
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TABLE n 

AHHigiimonts of Modes of Vil)rationR for /j-broinoplipnol 


Raman ShiftH* 
cm-i 

I nfra-rtnl funflamentulK 
cm 1 

UltravioU't abworpt ion 

Nature 

of 

vibra- 

tion 

Koblrauseh 

and 

Ypsilanti 

Landolt- 

Bornstein 

M- 

Parodi 

Loeorat.0 

Aiitlinr 

0 round 
Stat 
vibra- 
tionni 
om- 1 

Excited 
State t 
vibra- 
tions 
cm"i 

, 



236 




251(0.5) 

188(4) 

pt'-Hr 

290(9) 

290(9) 

267 



293(8) 

249(7) 


319(5) 

319(5) 

310 

— 

- 

323(8) 

277(8) 

fitvr 

497(1) 


510 

— 


490(0.5) 

— 

yV-C 

002(i) 

— 

— 

610 


574(4) 

472(5) 

vC-X^v 

032(3) 

632(3) 



— 

636(2) 

581(4) 


687(0) 

687(0b) 

- 


— 

“ 

- 

Y(5-H 

810(10) 

810(10) 

__ 

820 

814 

825(4) 

768(8) 

vfl-OTI 

825(5) 

825(5) 

-- 

860 

830 

858(4) 

795(9) 

breath in p 

1007(2) 

1005(2) 


960 

1010 

1022(3) 

923(3) 

i8ri~r 

1064(8) 

1064(8) 


1 060 

1070 

1068(4) 

1016(9) 

(iO-H 

1186(3) 

1 163(3) 

- 

1180 

1176 

1189(0.5) 

1057(3) 


1276(3b) 

1252(3b) 


- 

1238 

1256(2) 

1180(4) 


1415(0) 


- 


1431 

-- 

1272(8) 

pC-C 

1585(5b) 

I585{51j) 


- 

1592 


1554(5) 


3055(3b) 

3055(3b) 

— 


— 

— 




V - Stn^i ching vnbmtion. 

fi - iTi ]>laiio ImmkIuik vibration. 

Y mil of plane bonclinj? vibration. 

♦Fijiiircs VMtliin parcntboHos in<b<'ato intonKilioK aw ^^ivon by aulboPK. 
tVJHually <*.‘^timate<i intenHities aro j?ivpn m parent Iiohos. 


TABLE ITT 

Correlation of C-OH stretching ground state fundamentals of 
nionoderivatives of phenol with that of phenol (810 cm *) 


Isomer 

Molecule 

Ortho 

cm-i 

Meta 

cm~i 

Para 
cm* * 

Fluoro Phenol 

840 

839 

835 

Chloro Phenol 

833 


818 

Bromo Phenol 

830 

774 

810 

Hydroxy Phenol 

768 

748 

829 
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TABLE TV 

Shift of 0, 0 band toM ards longer wavolongth side of mono-deri- 
vatives of phenol witli respect to 0, 0 band of benzene 


Isomer 

Moloculo 

Ortho 

om“i 

Meta 

fin"! 

Para 

cm~i 

Fluoro Phoiiol 

1287 

1469 

2968 

Chloro Phenol 

2197 

2328 

3268 

Promo Phenol 

2271 

2372 

3290 


vioh't side oi“ 0, 0 band for a fr(*quoncy coiTesponding to 293 cm ^ ground static 
fundamental, a iiKidium strong broad band at 3504S cm~^ is obtained. Tt is sepa- 
rated at a frequency separation of 249 cm~^ from the 0, 0 l)and and is assigned 
as 0 I 277 28. If it is alternatively taken to be an oxoitol state fundamental 

corresponding to 293 ground state frequency it explains tlie bands towards 
tlie longer wavelength side of itself in the saim^ way as the l)ands towards longer 
wavelength side of 0.0 band lias betm explained. Furtlier it helps in explaining 
tlie band at 34750 scqiarated at 43 cm * towards longer w avelength sidti of 0, 0 
band, and other companion bands wdiieh appear at 43, 2 x 43, 3 X 43, and 4 X 43 cm ^ 
on the red side of the main bands (Table T). Thus 249 em~^ has been assigned 
as - (y— OH in plants bending vibration in the exiuted state of this molecule. 

Lastly we take up the low'er state fundamental 251 cm* Padhye and 
Viladkar (1959) have suggested 254 cm“ ^ as — 0— Br in plane bending vibration 
in the case of brom()benz<me. Tt could, therefore, be suggested that 251 cm" ^ 
represent tlu' -- C--J3r in pla^u^ beiuling vibration in the lower electronic state 
of p-bromo- plumol molecules The corresponding excited state fundamental 
is 188 cm “h 

Tlu* ground statt» fundamentals obtaim'd in tlu^se invt^stigations have btH^n 
compared (Table TT) with the Raman (Kohlraus(?h and Yppilanti. 1935; Landolt- 
Bornstein. 1951) and infra-red (Parodi and Cotton, 1941; Lecomte, 1938) frequen- 
<?ies of this mol(H*uli' . The agreement can be seen to be quit( satisfactory. The 
corresponding excited state frequencies and their correlations with modes of 
vibrations are also included in Table II. Since the depolarization data for the 
Raman linos are not available, the assigmnenth (jan not be considered altogether 
unambiguous. 

In the end some remarks should be made about the shift of the 0, 0 bands 
of 0 —, m- and j9-isoniers of halogenated phenols with respect to the 0, 0 band of 
benzene. The general formulae for di-dcrivatives of benzene, which have been 
obtained by us (Chandra and Tripathi, 1963) after taking both inductive effect 
and migration effect of the substituent into consideration, are in position to 
explain the order of the red shift of 0.0 bands of 0-, w- and p-di-derivatives of 
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bonzeno conipDiitidH. Those formulae show tliat for \v'(>ak iiitoraetiiig groups, 
if botli substituents an* either (»rtho-para direeting or meta direetiug groups, 
the order of red shift is 0 < rn < p. .Since -OH, F, -Cl and -Br are 
all ortho -para directing groups the order of red shift of 0, 0 bands of 0-, m- and 
p-halogenated mono-derivatives of phenol must bo as 0 < vi < p. Table TV 
shows that the sliift from ortho to j»ara in the ease of halogenat(‘d phenols is in 
keeping with the results expected. 
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VIBRATION OF A CLAMPED-CLAMPED 
BAR UNDER TENSION 

SUNIL KUMAR BANERJEE 

Dkpahtment ok Mathematics, Hirhi Bankim College, Naihati 24-PARfMNAS 
{Rer,eived August 11 , 1965) 

ABSTRACT. DynjiiTHcs of vibration of a bar clampod at botli ondsunfi oxcitod by trans- 
vorso impact by an in(daftti(* loa<] has boon worked out following operational method. We 
consider in this jia-pi'i- the dynamics of such a bar struck at thi^ mid-point only. Two 
dislin(‘t cases have been worked out : (1) The tension is large compared to stiflness, 
(2) Stiffness is large compari'd to the tension, fn case (I) series solution is obtained from 
which tli(i solution for any epoch may be calculated easily. In case (2) a periodic solution 
IS obtained. 


1 N T H () I) U C T T O N 

TJu* problem of Vibration of a bar Clamped at botli onds and held under 
tension is in offoi t the same as that of a ytilf — Htring. 

When a string is under timsion and also has stifin<‘ss, iti* ( quation of motion 
can be obtained by eombining tl\e derivatives, in connection with the vibration of 
tile string and transvi^rse vibration of a bar. Velocity of tlu' wave rcmiains strictly 
constant if the w irt^ has no stiffness, but the velocity ebangt's and bt'conu^s more 
and more fretiueney-depeiuhmt if stiffness is considered. Tho same is tnu^ for a 
bar clamped at botli ends, held under tension and vibrating transvi^rsely. So 
w^e prefer to usi^ the word Stiff-String in place of Clamped — Clampod bar in owr 
subsequent discussions. The present problem discusses tv>o distinct cases: (I) 
when the tension is the chief agent in the vibration (2) wiien th(‘ stiffness is tlie 
chief ag(*nt in the vibration. 

In this ])aper w v solve live gemwal problem of vibration of a stiff string excited 
by th(‘ transv(*rst' impact by an inelastic load using th(‘ powerful operational 
method in a simmilar way as adopted by (Ihosb (IhSS) in solving the general 
problem of iiainoforte string. The only assumption in tlu*. present formulation is 
that the string behaves like a loadexl one so long as the load is in contact with it. 

EXP L ANA T' TON OF TITE SYMBOLS USED 

I — Length of the string = u-f 6 
a “ Shorter segment of the string 
b longer segment of the string 
t -- Variable tiim 
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X — Variahlei, mtiasuri^d along tho string, the string being clainiMHi at x - 0 
and at x I 

y ~ Disj)la(*enient <>t any |)oint of tin* string at an\ time 
y^ — nispla<*enient of any ixhnt, x a 

^2 “ Displacement (»f any ])onit, x a 

Ifa = Dinplaci-ment of t in* struck ]u)int x ™ a 

-4 — Area of (iross-secthm of the string 
f) — J3ensitv of tin* material of tlie string 
T “ Paniianent timsion along the string 
c Velocity of transverse^ wav(‘«- along tln^ string - (TjyA)- 
fij Young's Moduliis of the material oi* the string 

I — Moment of Inertia of the cross-section of tln^ string about the niMitral 
axis. 

P Pressure exerU^d by th(‘ load 
tn _ Mass of the stricking body 
0 2alc. 

in --- I n0, wluTC >/ — 1,2,3 etc. 
t?,, _ V't'locity of liu])act 
J 

1 ) - Oi)m*ator4-. 

^ di 

The equation of motion of the stiff string or, a bar clamped at both ends and held 
under tension, 


I 


(Py 

dx^ 


El 


dhj 

dx'^ 


( 1 ) 


Equation (1) in the operatnuiaJ notations btHu>im‘s, 

El'^y--T 'yi (2.(1) 

dx'^ dx- 

The general solution ( 2 . 0 ) is. 

j/ . 4 , exp(A’’,a!) -i-.'Cexj)( -A’,J-)-4 .43 exj) (AV) I -4, exj) ( --/iLa/-) ... ( 2 . 1 ) 

where A'\-17M(7’* *EIpAiy^)i]l2JiJ ... ( 2 . 2 ) 

iElpAD-^)'^\i'2EI ... (2.3) 

and.i 4 i, . 4 .,, J. 3 , . 4 ^ urocou.stant to l)e deterniined with the, help ol' eiid-fonditions. 

CVwe 1 : I’* > *ElpAD^ 

In this case the root of (2.0) are all real and and A’j can he writh n simply 

i>y. 


A', - iir/A’i)* 
K. - ±Elc 


... (2.4) 
... (2.5) 
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Tlio goiioral solutitm (2,1) now take» up iho form 
// - /I, .-ioox]) {TIEl)‘x\-\ A^i'\Y{(Djr)x\-{A^^-x^{—Djc)x] 

... (3) 

Sjiki^ Uk^ string is claiii})!'!! at Ixitli ondh, tlii‘ tormina] conditions arc, 


.r 0, 

Vi ^ 

<h 

li 

... (3.1) 

.r- L 

'iL 

<1, 

_ 0 

dx 

... (3.2) 

X - a 

!h - 

!h 


... (3.3) 


The lianiiiicr strikes at x a\ if bt the disjilaeemcnt ot tlu^ stnuk-point ^^r 
g(‘t from (3). (3.2) and (3.3) 


//! 


e(»sh {TjEI)Kr cm^sIi (J->Ic)x . 

.-csirlw-- (77/rV, - - ' " ' 


(4.<») 


.'/2 


v(i>ih{TIEl)<‘(l- x) cosli (/>/<•)(/ ,r). , ^ - h 

vi>»li{TIEr)ib cosh (/>/c)/2 ’ ' ' ' ’ 


( 4 . 1 ) 


The string is (‘xcated by a transverse impact oi' impulse J by an inelastic load. 
The corresj)onding pressure 7^ <‘xcitcd hy th(‘ load is given hy, 


E - m 


df^ 


(r,.(») 


and the suliscqmmt motion ol the *oad during contact is. 


n, T^ 



(5.i) 


where ^It^’note the changi'f* in tlic values of (dyjdx) 

and (dhjjdx^) incum'd in croKsing the point x ~ n. 

No\\'^ substituting tlu* values of and as obtained from 

(4.0) and (4.1) in ecjuation (5.1) and imposing the boundary conditions mo get, 

mDhja - -[(ri>/c)- (^/7>3/c3)]x 

I winli (Dlc)a , . si'Ji \ , n / in 2) 

\ cosh (D I c)a—k ' coshiDjejb—k' i ' ' 

Whence wo get, 


1 

F(D) 


»» 


... ( 6 . 0 ) 
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Whoro, 


F(D) - I) ) 


and, 


(iE! 

r sinh(/)/ry/ 

, sinh {I>/c)b 

... f(?.i) 

L e(!sh ( />/r)r/ - A’ 

*-osh (/>/r)/> k' . 

7 

2T 


... ((i.2) 

k - 

eosh (TIEI)Ui 


... («.;$) 

k' - 

eosh (TIEiy^h 


.. ((i.4) 


TIr*. equation (ti.l) ih to lx uscmI for tin<iinfz tlir displaccnu^nt at an\ point alon^ iJu* 
string. 

Ill till* a.l)S(URU‘ of stiffness, <‘(piation (I) in that r.i a tiexihU* string luit 

if stiffness is made' /( ro in CMniatioii {(5 I) we (an not (‘xp(‘t t tlie lieliax ioiri- of a 
jlexihJe string Ix'eause of (litferen(*(‘ in end eiaKlitioiis Jiut it lopn'sents tlu* eas(‘ 
ii <‘lajupe(l-elani]X'd bar h<‘ld under high tension [Kar {lt)5H)| 


hs fimiv : 

The Hannuor strikes at tJie. iinddk point of th< htnng. iiiTi' it - h and we 
get from (b. 


F{J>) (2A7//«rV>“l [ ■ 

L eosh (l>jc‘)n k j 

On siibstitnting the ('XjioiK'iitial values for hv pi*rboli< Sna s and (N>sines in eipia- 
tion (7 0) and uTitiiig 1)^ J) \ oc, J).y J) | // Mt' gel iinalK. 


F{f)) 


U I /ij\\ 2^'exj){ 


DJK __ 

{J>lc)it\ I t‘X}> I 





, 2k(cc-:/J) , 1] 

... (S.O) 

whore, D^Jl, {IH ol)(JJ { /i} JF- 

mr' r. mfjc'' 

2EI 2E] 

... (!M») 

and —a, -/I aic the rootf- oJ. 

n^ - D- - 0 

'»*’/ '?E1 

... (10) 

givon by. 




1 iPP El I J 

... (11) 
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fixpanfUng the term uridor the radical »ign, binoiiiially and retaining i>p to terms 
containing (I/mr®), and remembering that, c ~ (TjpA)^, q -- ^TjmCy equation 
(II) twliH*es to. 


la.AI 



Displacement of the stnick-point (hiring contact 

With the [uilp of equation (S.O) \v'(' get from (b.O) the displacenuMit of the string 
at tht struek-poirit dining (*ontact of the load. 


//« 


'’o(« \-l^) [ 1 - 2A: ♦•xp ( I f oxp I j 




Expanding the above multinomial exproBsion in powiM’ series we get after simpli- 
fi(!ation, 


r (a i //) / :i(a+/!/)*y> „ 2(a^ //; \ . f4(a-| /JfD^ _ 

[ T)~P^ I /V/V />iW 


4 


ti;} “ [{-ft.Sr -Vf . } 


Mcc-h/^ffp n{ai//)W , (a+//) 


J exp (-|/W) 


1 12(a-l /i)W» moc-\ <)(« I pfl) _(«-! fi) 1 , 

I /v^v yv^v 



«0 



(a+/i)»y>“ _ (aH //)-y> 


jcxp(-y>^))-| 


H(a4A)'y'*^ S(a-] /y)®Z>® 

yvy>2‘' Di*Df 


■2(a h/y)*y> 


I oxp(-2y>^>)H-...j 




[{ 


(a-( /i)W^ (a4-/f)®yy®\ 

yvi),‘ J 
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oxp ( -- 1 rxt) ■ I ' » (a + , 'Mcc -t/Jfix \ 


Writing, 


(14) 


oto. 


■ A) „„ r 

r>JK " “ 

^±lMiLr 

y>i*/V " 


(« I prir- ^ 

f)npn « ./««) 


and remombering tiiat, /(/) (‘\|i ( - nDO) /(/,,) 

equation (14) rodueos to, 

ya^lMt)~{AUh) H/A) ^\Ut2)-\V\(h)h ...| 





Dl-Kf'-T)- 

- 5 /. (f- 



1:2/. 

('-T) 

■ {f- 

(/- 

('- /)} - 

+*fr\{Ufi) -h 

'/)! 


2/;(gH ... 

1 


+8ei j/,(/- 


(' 


)- 11/4 {1 - 

f) 



1 

■r. (- - 1)} ^ ... ] 


fM'r -1 


Equation f lo) if- the geiu^ral expression for disphn enient of the striiek p(»int (hiring 
impaet. Any funetion in the above expression will appear only from the time 
obtained by equating tJu* corresponding argument to Z(»r<). 

ft is cl<w from the above equation that at intervals of a period (i.e. 2a /c) 
two types of reflected wave generate in succession-' tw(> waves similar to those in 
cas(^ of a flexible string, and tw^o more, *now stiffness controlled' proceeding to- 
wards the struck point, where uew^ wwes (rcpre8ont<‘d by /g, /g etc) are conti- 
nuously being generated. Ft is obvious that th(^ functions representing th(‘ waves 
generated during impact only will exist in the value of 
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Thr valiu' of tlir riHU'tions oc'-iirring in t‘quation (15) is tiu^ same as thosn 
obtain(‘(l by (llinsli M953), 

If ilin tonsinn l)o iiifinitniv large, or if the stiffness of tin* string Ite zero, we get, 

m -- J ... ( 16 . 1 ) 

/,(<) .= ^ • qt.e-"' ... (17.2) 

im -- (A'- I'’-®' - 

and so on. 

Th(sse values nf/,(^), / 2(0 etc. as obtained in (lt).l), (17.2) and (JH.JJ) tde. 
are> similar to those obtaine.d by (diosb. (loe. eit). 

Th(‘ term of equation (15) is zero lor negative* vabu’s of time for positive^ 
valiK's, i.(‘.. 

0 ' f ^ (K 




1 il ^ 

/- 

2 

)] (ISJ) 

Dnriiif;. (f ■ 

. / - 'iO. 




If a ?ya«' '' 

:i < 0) - 

mk) 

-2Uk) 


-21c { 4./ , 

{' T) 

•Vi ( 

2 


1 mUk) -Ml ^)] \ |./, ( 

2 / 

) - A ( 


Similarly durinj;. 

20 

1 ■ W 



He --■= <>■ 

4/»(^2) \ 2.1\{f2)\ 


-i 'Ik {l2/, ( /- 

ym.{ 

' ^ r}0^ 

. ' 2 / 


(-f)} 

-4P{6/4«,) -8/3(/,)-1 

‘ 2Mk)) 




-8P {«/, ( f - *'^1) 

-11/, ( 


) + 3/3 



4 \fSk^{h(h)~h(k)] - d«-3) 


and »o on. 
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riio pi‘(^svur<' ('xorLsO l)y th#‘ diir-ini^ inipjK t mny nos; Ijc t*jisi1y ohtaiiUMl 
by using nt|uatnms (5.0) and ( IS.I ) (|s 2) (IS :^) Mircnssivcdy foi rach rpot h liy 
studying the pn^SMire (‘(jiiations thus ohlaiiitKl aial (-(luatmu (au'h to /('i-o it ^^il 
be shown in a subsiMiutad publication lum to <‘ali ulat(‘ tin duration of impact 
at (liffersuit inicuwals of ti nu‘ 

We noAV study tlu‘ case vs hen stiffness is tlu' (diief agent in the vibrntioiu 
Case TT />-’ ^ ^ 'f* 

Here all the tour roots oi* ecjuati >n (2.1) ati* iiuaginarv and tlu‘ gmiernl solu- 
tion of th(‘ (Mpiation can Ix^ written as. 

// cosh //^.rd .d^sinhyj.r | i4j^cos//.y’ \ .l^sin/z.^a* ... (20) 

wdiere, 

//, \ T\I2EJ\' ... (20.1) 

/i,, i!/(4A;y/vi/>-^ r^y T\r2Ei\' ... (2<h2) 


and J,, dj .1^, .1, aio ((nistant t<» b(‘ det<‘nnined tVoin boundarv (*onditions. 


Kc^uation (20) with th(‘ ludp of the Ixaindary 
beconu’s 

conditions (2. 1 ), (.4.2) and (4.4), 

(‘osh H,.r cos//,r ... 

fh ffa 

cosh //j// cos //gU 

") 

... (21.0) 

cosh //,{/— .r) COS//J/ .r), . 

!L - .'/« , , (" 

i*osh//(/>i cos//.// 

■r- 1) 

... (21.1) 


TIu? hammer strik(‘S' at .r a and (he cm n*sponding displacenu'nts are givmi 
by (21 0 ). (iM.l) jin'ssun^ exerteil by the load is giv<‘n b\ 

r ... (22.0) 


and the sui>s<u|uent (Xjuation ot motion of the load is. 


/// 


(11- 




022.1) 


Not substituting the values ('f Mdt/Ui.r),- ^ and A(</*‘//A/.r%.,, a.- obtaine^d from 
(21.0) and (21 I) in eipiation (22.1) and im|M)sing the boundary c<*nditions we get, 

7)2 - „ Th [ th ^2 1 //j, sinh //// d //. sin //// I 

*'"[ cosh ///> - cos //../> cosh //jU- cos//.// J 


cosh //j/i -c*o.s //g// cosh //jU ' cos //gU J 
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HAMMER STRIKES AT THE MIDDLE POINT OP THE 

S T R I N <J 

Tn tlii.s raso a - h, oqnatioTi (22.2) now takos up tho form. 


mDhf^ 


fi^ siiih fiiU I //g sin ji^d 
rosh //,f 7 --co 8 fi.^n 


2EJVa\ A/sui/yx -j ^ 
L oosh /i id — cos /i^a 


iloplacin^ J by mV(^ wo have from cqiiation (22.3) 

D 


Va 


F{D) 


WIU'DV 


EU)) - />2+ - f { Tfij - fe7/</) sitilt /<! >< I (7’/< 2-f wn H >'\ 

7T} I cosh /qu COS J 


Now writing, 

Avc have, 

F(/>) - iy^\ /<«, 

VI ' ^ cosh //|rt - (-os n.^i 


(22.3) 


(23.0) 


(23.1) 

(23.2) 


(23.3) 


From equation (20.1) and (20.2), \vc liavc In expansion and retaining only upto 
linear power of El tin* final < f F(J)) 1<» be. 


F[1)) })■ 


jl/ Ma^' 1 

'.hii WhnEI , IfiOOwfeV 


(23.4) 


where. M - '2<ipA 

Thus e(]uati(ni (23.0) can be written in the form with the help (23.4). 


//o 


fi JJ(IF \ a^) jJd 


f 'L [ < • - ^ sin at 1 
a* L a I 


(24.0) 


where, 



M Md^T \ *1 

3ot OOwii?/ / J 


(24.1) 


,, _ Ma*pA 


(24.2) 
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Substituting the values of a and p in (24.0) wo got, 
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Va-^ 


1+ ^ Man'\ 

3rn WiknEII 


siu 


{\mhnEII,, M M»n 


t- 


VMa*pA 


I 1 


3»/ 


M<r-T\Y 

miEl)} 


I |l890mA7 /, 

Ml L \ \ 


+ 


M M(PJ 


3w WniEI 


T \ U 

11 I 1 


fl 800mA7 
M(i*pA 

... (24.3) 

If now the stiffru'SH ot the string is vorv large (HiinpanNl to teii.«ioii (24.3) lieeojtios. 




.f 

/!+ M ) 

\ 3w ^ 


(24.4 


Equation (24.4) shovvs tliat when stiffness is Vei v large tiu' string hi'haves as a 
rigid uhI. a eonclusion shiiilar to that dorixed lt_v (thosh (I03S) in the ease of 
pianoforte string of very slnirt leiigtli. 

Pressure exerted by tJie load during nnpact as olrtuinod by e(|imtion (22.0) 
and (24.0), is given by. 

P mtPlJa 


sin at. ... (25.0) 

pa ’ 

Thus the pressure existed liy the loa<l on the .string at tlii' beginning is zero and 
attains a jnaxnnujn value rnr^jpa after a lime njia and tlie pressure falls to zero 
at the end of time 1 the duration ot imyraet, given by 


<l> 


71 

a 


77 


\mmJMj., M \ 
M7t*pA I ^ 3w ) 



( 20 ) 
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RESPONSES IN A PIEZO-ELECTRICAL 
PLATE-TRANSDUCER 

R. K. (JHOSH AND SITNIL KITMAR BANER-II 

DiJi-AitTMKNT OF Dhysjc's, Jadavpuh Umiviiwitv, UTTA-32 
{Rfccived Am/ttsi IJ, 1905) 

ABSTRACT. 'I’lu' n'sponMPs ol a I*ie/.«» Khwtncal Pluto Trunsducf^r, vibrat ing in a thick* 
iH'.ss inodr l)> tnuiHK'iit hIh'sn input lias bnnii workiMl oiit following tho powerful 

ofierutioiial irictlKal duo to H(*a\iMid(‘ Tii<' pmbk’in ih disi'UKsod in two difloroiit casoH, (a) tht» 
I ranstiuciM' is opiMi .i.1 liolh ends, (h) to one end of f Ik^ traiisduein* Ifieir is a n^sistnnei' loading. 
As a pai'heulni eji.se (lie lesults correspond ing to piMModic slri'ss iiipul to I lie Plati' Tniiisducer 
has »ilso been diseussed in tlie present paper 

I N T K O 1) IT V T 1 () N 

Rigorous tlipory for a Pi(\zo-Elpotri<- (Vystnl Vibrator of aiiv form aiitl orien- 
tation, vibrating in any <l<‘sjrf(l niodo would have to tak(‘ aeeount of all boundary 
conditions, size and [losition ol (Joctrodes. losses din^ to <1iele<lrie and mounting 
non-lint‘ar (^ffeets, e()U[)ling dm* to different iiiodts of vibratioiK non-iinitonnitt 
of (Ueetrie fitdd, and wJieii tlu^ eku'trodes st^parattni by a. ga]), including possibb^ 
resonaiUH* (‘fleet in the air itself, Wlul(‘ no siieh general tlieory has h(‘en atteni])t(‘.(l, 
special probhan involving most ol these considerations liav(‘ been attaek<‘d b\ may 
writiws. We consider a lew simple < as(‘s luu*e. In practic e*, tlu^ commonest type 
of Piezo-Transdu(‘(9‘s are tli(‘ bar, vibrating eompr<\‘Jsi(>nally l(‘ngtl)wise and tin* 
Idate vd)rating in tlie thi^'kiu^ss moth*. For tliis jiurpost* om* (‘iiiploytvs an X-cut 
(piartz plate Witli tliis cut the vi bra, tie ns are comprcssional, llu^ riatc bt‘coming 
altt^rnat(*ly tlnck(‘r and tbiiHU* Th<* (‘xpcrinu'iital evidence of this mode of 
vibration is that acoustics waves in the air are (unitted from the surface. A 
numbiw of [)racti(*al jirobhuns invo]\e tlit‘ a])pli(;ation of a transient tdectrical or 
mechanical signal to Piezo Fl(‘ctricai Transducau' and also eontinuous w^ave genera- 
tion for ultrasonic use and dct(M!tion. UedwocHl (1961) has studied the charac- 
teristics of transuud pulsccs, responses (‘t(*. for a l^i(*zo Electric Transducer (botf) 
Plate and Bar) in tlu' ease* wlum the input exedting function is a stej) fum tion. 
Fn this paper tlu'- input is taken as a mathematical function ot time. Special 
cases have becui workcnl out using sinusoidal exciting function botJi Moclianieal 
and Electrical acting as continuous wavc*-guide wdiich, as Redwood has remarked 
(dsew'lieML is iieariM* ilui type of souree olitained in praetier tluin those r(*.presenied 
by simple mathomaticial functions, Tho results worked out here after reasonable 
approximations agrees with the results aiTived at by RecRvood. 
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EXPLANATIONS OF THE SYMHOl.S USED 

X — Length of the Plate 
t = Variable time. 

X = Variable length, measured along tlu- lengtli 4 )l‘ i\u\ Idali*. 

^ = Mechanieal displaeement of any partieh* in tlu^ x-dinn lion 
$0 “ Meehanieal displaeemeiit of any partujh^ at .r - d. 

V “ Veloeity of propagation of wavi‘ along tin* IM.iic 
F ^ Moelianical stress appiiofl to the surfaee normal to j-dnv Uoii at / (i 
h = Piezo-eieetri<; (constant . 

Q = Total charge at tlie surface of tlu^ IMatt' 

V — 3\>tential across the Platt‘ from x 0 to x A. 

F — Young’s Modulus of the iiiattn-ial ol the. l^lati* 

6q — Static Capacitance of tlie l*lat('4raniidnccM‘. 

R Resistance due to lhate Transdiucr. 

^ ~ (Opeu-ator). 

SOI. UTION OK THE IMt O hi. K M 

In the prosemt pn^blom wc^ propose* to find out (-Icitrical rt^s]>ons(? wIkmi a 
Piozo-eleetrie Plate transducer is c^xcitc^d by transicMit mechanical stn^ss input 
and vi(?e-veifia. The equation of \ibraticm of a Piezceelci tric Plate -transdiu or 
is, 


solution of v\hi(‘h is. 





( 1 . 0 ) 


A __ cosh — a* { R^inh x ... (I.i) 

u r 

A, B being ci>nstants. 

We eoiifeider that tlve Plate is vibrating mechanically in a thickness-modc^ and 
the a;-axis coincides with tliis particular dircu-tion. 'I’he i)otential differi‘n< c across 
the Plate transducer is related with thc» correH|K)nding displactimmts of the two 
ends of the Plate by, 

P- - l(IL-x-(IL.ol I ^ - (^•o) 


The equation for the plane compressional wave propagation along x-direction 
at x = 0 of the Plate can be written as, 


F-\ hQ 





(: 5 .d) 


6 
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'rh(‘ piohli'in lias Ikc'ii disiussrd in tud distiixt <asrs In i-aar I the trans<iue(*r 
djMM at both <‘nds i.r . tlH‘ IMale is <enu>nte<l lietweeii two senii-iniinite mecha- 
naal s\slcins and in case II to one i*nd of the transdincr there is a H‘sistanc(' 
1<»adni^' anal(>g<nis 1-» llir case of a ri\(‘d-fV<‘C‘ s\'»teni 

'rhe tudea.Ms art* e\])Iain<*<l following tin* ]M)W(*rhil operatitinal iiiethod due 
to ijeavisitle whreh is \ er\ straight ftu'wartl shoMent and ei\es r(‘su]t8 <ii higher 
a ecu i at \ 

I 

J|(*ie the t ilt nit nla^ he tal\t*n tt> he <»pen tlie (‘<Mithtion tta* whie}i js at 

O ... ( 4 . 0 ) 


.t X 




0 


Ih'latitMi (I.l) tng<‘tht*i with I lu‘se entl-et»utlitions Ld\e 

^ ^ cosh (/>//’)( r - X) 

ninl Ulf lor coiiiiHcssionai wave propauatioii is. 


(1.1) 


... (.VI » 


r si ••• 
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THE CRYSTAL STRUCTURE OF a-LEAD AZIDE, a-Pb(N3)2 

PRASENJIT SAHA, 

Central Glass & Ceramic Research Institute, Jadavpijh, Calcutta-32. 

(Received August 6, 1965) 

a-Load Azide crystallizes in the Orthorhombic, system, Space Group Piia2j; 
Z ^ 12; calculated density — 4.705; a ~ 6.65A, h — 11.37 A, c — 16.32A. Earlier 
studies of this (jryslal were made by Mih‘s (1931), Pfofferkorn (1948) and Azaroff 
(1956), Azaroff came to th(i (um<diision that the Spatu^ Group is either Pcuun 
or P(?2in, and that ik* distinc^tion ttan be made between these two Spa(5e Groups 
on the basis of the lead positions. Asymmetric naturtj of the azide group led 
AzAroff to beliov(i that the Space Group is Pc2in. Subsequent three-dimensiona 
refinement carried out hy the author of the lead positions given by AzAroff showed 
that the /J-factor comes down considerably if the iionceiitrosymnu^tric Space 
Group is assumed. Fua2i was adopted instead of Pc^^n in order to confonn 
to tlui IBM 704 programming. 

ThrtH) dimensional X-ray data using Cu^^ radiation were collected by the 
author at the Crystal Research Laboratory, The Pennsylvania State University. 
This compound has the properties of a detonator, and considerable experimental 
difficulties were encountered while taking tlu^ three-dimensional X-ray data. 
Mojjfl radiation could not be useul since it was found that the crystals, when irradia- 
ted, started to disintegrate after thrcAj or four days. Linear absorption coefficient 
for Cujfft radiation w^as found to be extremely high (// = 819 cm.""^), and hence it 
was necessary to (H)rrect for absorption. The crystals could not be made into 
cylinders because of the danger of explosion. A uniform cylindrical absorption 
correction for the cuystals was assumed, though the t^ystals were prismatic and 
somewhat rhombic* in cross-section. After 3 to 4 days’ irradiation, the crystals 
started to disintegrate, and hence separate crystals had to be used to obtain data 
for each layer. Data on six layers (971 observable reflections) were collected in 
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fashion. Since 'a ’ was the zone axis for the prisms and the iTvstaJs could 
not be cut across the prism faces without the danger of explosion, it w as not pos- 
sible to obtain hkO or hOl data. The three-dimensional data wore scale(l and 
rescaled after each phase of IBM computation by calculating scale factors 
for each layer from structure factor cahailations. Owing to tlu‘N(* expi^riiuental 
difficulties it was assumed that the X-ray data w'ould not he too accurate, tliough 
they wore subsequently found to be. accurate^ enough for rlistorted nitrogen peaks 
to appear in the three-dimensional Fourier sectioip calcuiaud \uth had po.silions 
only. More reliance was placed on the 0^/ neutroii data for al>solute confirmation 
of the the structure determination, collected by Panner and Kay at the Brook- 
haven National Laboratory. 

Structure DeterniinatUm * 

Consideration r>f tw'o sids of strong reflectimi^ (b(M) aiul 20, ‘1 for Space (iroiip 
Pnma) led Azdroff (1056) to propose^ the following approximate coordinates of 
the lead atoms : 

8 Pb atoms in (d) .r — ~ 3/S ^ 0.1 3(^ z ^ 

4 Pb atoms in (c'\ j' — ~ 1 /S // — 0.S70 z ~\ /A 

Structure factors calcnlatetl w ith th(‘So coordinak^s \r<M'e us(hI by lh(v author 
to scale different lay(U‘s. Tliesc coordinates were th(ui used for tlinH^-dinu^nsioiial 
refineuient of tlu'. lead positions using Space (Irouj) Pua2,. Th(^ 7t-fa( tor dn^pjied 
from 0.62 to 0.45. observed data for different layers w^(*re tiuui reh'*aled and 

further refinement of the lead jMKsitions resulted in th(' following coord inait^s : 

4 Pb atoms in (u) x ~ 0.331 // — 0.136 2 0.084 

4 Pb atoms in (a) .r ~ 0.344 // - 0.122 2-0.407 

4 Pb atojufc in (a) x ~ 0.060 y — 0.S72 z 0.237 

The /^-factor dropped from 0.42 to 0.36. 

At this stage the three-dinumsional Fourier sections began to show^ distork'd 
peaks in the non-lead po&itions, and approximate coordinates for nine nitrogen 
atoms could bo found out. The coordinates of these nine atoms were then 
used in conjunction with the refined lead positions for the n(?xt cyeJe of rofinenumt. 
The i2-faotor dropped from 0.32 to 0.21. Positions of the rest of the nitrogen 
atoms could be discjorned in the new throo-dimensional Fourier scuitions, though 
considerable difficulties wore encountered because of the prescn<;e of ripples 
around the load peaks, which sometimes ratJior obscurtid the nitrogen jioaks. 

Approximate (joordinak^ of the lead and nitrogen atoms in the structure 
of a-load azide has thus bt>en ascertaineil with the help of three-dimensional 
X-ray data, and they are listed in Table I : 
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TABLE I 


Type of atom 


Pb 

0.064 

0.867 

0.240 

3.532 


Pb 

0.344 

0.119 

0.406 

3.252 


Pb 

0.333 

0.131 

0.084 

3.835 


N 

0.163 

0.281 

0.184 

2.50 approx 

N 

0.164 

0.276 

0.251 

2.50 

*• 

N 

0.146 

0.271 

0.326 

2.50 


N 

0.098 

0.228 

0.488 

2.50 

»» 

N 

0.108 

0.267 

0.560 

2.50 

*» 

N 

0.116 

0.300 

0.624 

2.50 

ff 

N 

0.122 

0.284 

0.860 

2.50 

f* 

N 

0.110 

0.262 

0.924 

2.60 

9* 

N 

0.100 

0.239 

0.996 

2.50 

9* 

N 

0.500 

0.490 

0.365 

2.50 

f> 

N 

0.362 

0.498 

0.407 

2 50 

*9 

N 

0.213 

0.506 

0.443 

2.50 

99 

N 

0 876 

0.468 

0.243 

2 50 

99 

N 

0.025 

0.528 

0.240 

2.50 

9* 

N 

0.163 

0.592 

0.237 

2.50 

99 

N 

0.475 

0.495 

0.117 

2.50 

99 

N 

0.337 

0.489 

0.084 

2.60 

99 

N 

0.188 

0.481 

0.048 

2.50 

ft 



Fig. 3. Approximate Structure of a-Pb (Ng )2 
O — lead O — nitrogen 
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A diagrammatic represontation of the structure in the Okl plane has bwm 
shown in Fig. 1 . 

The obsersrerl data require about two or more cycles of refinement and data 
for each layer require rescaling after each cycle of refinement. 

Okl structure faetjr calculations were made with the S-FAO giving equal 
weight to the lead anJ nitrogen atom 4 (neutron i^attering length for lead is 0.96 
XlO^^^cm. and that for nitrogen is 0.94x 10~^*cm.) and using the coordinates 
listed above. The calculated data has boon coinparad to the observcnl Okl neutron 
data for a-Pb(N3)2. and the correspondence betM^en the observtxl and calc-ulatwi 
structure factors for low and moderately high ojtder reflections was found to be 
quite good. It may bo difficult to refine the neptron data owing to the overlap 
of several nitrogen and lead atoms in the Okl pro|eotion, as shown in Fig. 1 . 

DISCUSSION OF THE SftTRUOTURE 

A 4-fold configuration of nitrogen atoms around U^d (Fig. 1), somewhat 
intermeiliato between a distorted pyramid and a square, can be postulated in the 
case of a-load azide, 

From bond energy considerations Pauling and Brock way (1937) hav(^ shown 
that the linear azide group will be asymmetric if the bonding is homopolar, as in 
the case of a-load azide. Indications of this are already evident in the (;ase of 
a-lead azide, and further refinement of the structure will most probably confirm 
this. In most organic and metal azides it has been found that the angle between 
the nitrogen atoms at the ends of the azide group and the heavy atom or mole- 
cular group attached to them is apparently 120'" (Wells, 1945) and this has also 
been found to be true in the case of a-load azide. 

Further refinement of the struetiire is required to calculate accurate^ bond 
distances and bond lengths. 
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INTEGRATED FIELD INTENSITY OF ATMOSPHERICS 
IN RELATION TO MONSOON THUNDERCLOUDS 

M. K. DAS GUPTA and A. K. SEN 

Tnstttitte of Radio Physios and Electronics, Calcutta University 
(Received September 7 , 1 965 ) 

Close association of atmospherics with thunderstorms is now well established. 
During the International Geophysical Year, observational programme diro(!ted 
solely towards the location and tracking of thunderstorms by recording atmosphe- 
ri(*s at a distances were undertaken in several countries (Pierce, 1956; Aipert and 
Borodina, 1956; Skiob, 1956; Maikowski, 1957; Kinipara, 1959, Samson and 
Linefiold, 1962). In fact, (wen a singk^ tluinderstorm of nearby origin may 
giv(% rise to quite large imrease of atmospluuic radio noise (Yabsley, 1960; 
Aiya, 1962). Large enhancomoiits of atmos])hcries associated witli severe jire- 
monsoon thunderstonns, popularly known as Nor'v\'t‘Ht(U‘. were observed in Cal- 
cutta (Das Gupta and Sen, 1963; Sen, 1965a). ThundiTscjualls (Kuutrring in the 
monsoon season (June to Odober) also givi^ rise to somewliat similar enhance- 
ments with, however, certain characteristic featims. We were thus 
prompted to oxaniim^ the daily records of the integrattnl field intensity of 
atmospherics particularly in relation to monsoon thunderstorms to study in 
details the nature* of this assixaation. 

For tlie last fiuir years we have been n*eording the integratiid field inte.nsity 
of atmospheries (abbreviated henceforth as i.f.i.a.) at Calcutta (lat. 22®34'N, 
long. 8S"24'JW) on 30 kc/s. The ree(*h^er emplojTd for the present observations 
was hasfid on the design adopted during the International Geophysical Year 
(Ellison, 1955) primarily for the purposes of solar flare patrol by the s.e.a. tech- 
nique (sudden enhancemiiiit of atomosph erics subsequent to solar flares) with 
some modifications. In Fig. 1 three typiijal records as obtained at Calcutta are 
shown. Th(^ upper one shows the i.f.i.a. recorded on a normal premonsoon day 
(26 March, 1962) while the lower two show i.f.i.a. when severe thunder- 
squalls wore experienced in and around Calcutta on two different dates. The 
record on a normal day shows the usual diurnal variations in the integrated field 
intensity of atmospherics (WMO, 1957) viz., sunrise flrop (A), morning minimum 
(D), afternoon maximum (E), late minimum (F) an<l night maximum (G). The 
record (lower-left) on a disturbed day shows the sunrise effect (A) and morning 
minimum (D), after which unusually large enhancement of i.f.i.a. occurs, starting 
at 13-20 hrs. I.S.T. and obscuring E, F and G as observed on a normal day. Simi- 
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larly on another occasion as shown in the lo\\er-right record the gradual iiiereaso 
in i.f.i.a. is also quite inark(Ml. However tlu' predominant hniturc) of these records 
seems to bo the sudden detToase of i i'.i.a. about the tinu* of ons(d of h(‘.avy raining 
associatod with the thuiid(‘rsquaU as obtained frmn nu'teorohigical data. Figure 
in tho left shows that i.f.i.a. starts decreasing at lirs. l.S.T. while the local 

raining started at 17-20 hrs'.T.S.T. ari<l for the other one these occurred at 15-05 
hrs. and 15-20 hrs. T.S.T. respectively. 




>0 Ky«. 




MOO- 





l200-)m.xa.T. 


Fie 1 Upper roc.rd t h« .l.urn.vl vurial ions in tho .nlegmle.) field intonsity 

of atmoBpherioB on a normnl promonnoon dny (A : fiiuirioo offoot; 1) : mommg nun.mum; 
E MTl nu.ximu«= F : Into minimutn: Cl : night tnoximutn). Tho r^-ord on ho lowor 
left HhowB on a day when a Bovere thnoderecptall was expenenced m 

starts rising gradually, o : doo«taso of i.f.i.a. starts, d: i.f.i.a. regions no^l value). The 
lower right record shows i.f.i.a. on another day when a severe tliundorsqual 
in CalouL. The ordinate shows iho r.m.s. field strength for a I ko/s bandwidth m decibeh 

above IgV/m. 
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Th(^ reMiilts obtaincMl in this analysis can be summarised as follows : 

]. During the monsoon period imder observation (June-September) there 
w(u-(* altogether ekwen thunderH(j[ualls reported by the Meteorological Depart- 
ment. In all these eases gradual increase in i.f.i.a. as shown in the above illus- 
trations was detected. 

2. Tile increase started in general 4 to 1 1 hours before the reported time of 
lespectivc thundersqualls. 

ll. In all the cases sudden decrease of i.f.i.a. as depicted in the illustrations 
above occurrefl within mins, of the reported time of onset of raining asso- 
ciated with the thundersquaU, However, in majority of the cases the starting 
time of sudden detjreaso in i.f.i.a. setmied to cluster around the time of onset of the 
raining. 

4. I.f.i.a. came down to the normal value within 12 to 180 minutes after the 
observed starting time of the decrease mentioned above. 

The close association of the sudden decrease of i.f.i.a. with the onset of the 
heavy raining appears to bo something pecmliar to the monsoon thunderclouds. 
The sudden decrease of i.f.i.a. might bo attributed to the falling out of charged 
rain from tht^ cloud layer loading to a vanishing of the bipolar structure of tlu^ 
cloud. As a result probably all electrical discharges within the layer ceased. 

It is now generally accepted that in a thundercloud, there are two processes 
of charge separation, one in the region above the freezing point level and the other 
below, Chaimors (1956) suggested that the tw^o processes of charge separation 
are opposite to each other. In the present observations it appears likely that the 
process occurring below' the freezing point lebel is signithsant, at least in the final 
stage of the cloud development, ft might be that the Dinger and Gunn process 
of melting ice is at Avork at such times. According to them (Dinger and Gunn, 
1946), ice particles contain entrapped air. On melting the entrapped air becomes 
chargetl negatively w'^hile the w'atcr drops receive positive charge. It thus appears 
that when the drops begin to fall as rain the bipolar structure ('f the cloud layer 
vanishas leading to the observed sudden decrease of i.f.i.a. That the i.f.i.a. 
decreasi^s with raining also lends support to a view that the process of charge 
separation above the freezing point level characterized by its association of a marked 
increase of i.f.i.a. (Son, 1965a) is significant in the final f-tage of the cloud deve- 
lopment. 

In support of the above discussions reference may bo made to a recent evidence 
obtained from the measurement of the time lag between electric field change at 
ground and the onset of rain which also supports the view that the raining occurs 
from a height below the freezing level in cases of thunderstorms occurring in the 
monsoon season (Sivaramakrishnan, 1960). Comparative studies on i.f.i.a. 
associated with nor Vestors and monsoon thundersqualls over an extended period 
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are in progress and will be n^ported in duo course. It apjK^ars that siniultancous 
obrervations of i.f.i.a. supplemented by directional studies and of radar reflec- 
tions from the thunderclouds might prove to be. usc^ful in locating the seat of the 
different typos of enhancements as well as the decrease' associated with the monsoon 
thunderclouds and might provide m-w insight into the pr( cess of loniiation ol 
such thunderclouds. 

We are grateful to Prof. J. N. Bhar. Head of the Department of Radio 
Physics and Electronics, Calcutta University, for his kind intiTcsi. Thanks 
are due to Dr. S. N. Sen, Regional Director, Alipore Meteorological Obsen’atory, 
India Meteorological Department, Goverimient India, for kindly providing us 
with the relevant meteorological data. One of ui (A.K.S.) is also thankful to flu; 
University Grants Conmiission. Government of jfndia f(»r financial jwsistance. 
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SPACE GROUP AND UNIT CELL DIMENSIONS OF COPPER 
PROPIONATE MONOHYDRATE 

(Mrs.) ALOKA PODDEJl and K. N. GERI 

Indian Ashoctation for thk Oui.tivation of Science, Calcutta-32. 

{Received September Hi, 19()r)) 

(Jopper propionate inoiiohydrate (.ry^tals are obtaiiiofl by slow evaporation 
1‘roni an ac|ueous solution of tho substance. 

Tlio crystals belong to tlu* moniMlinic systoiu. 

TJio unit cell climonsions are obtained from rotation and Weissenborg photo- 
graplis along Tliat the unit cell is a roiliiced one is tchtcfl by Buerger’s 

method (1957). Tiie dimensions (;f the unit cell are given bedow : 

a — 15.21 

h =- 17.41 

r -- 15.41 

and /i - <)4ns' 

Th(\y correspond well with (irotirs values ofr^ , h : c -- H.S74 : I . 0.SS6 and 
/; - 94 " 22 \ 

Zero and first layer Weissenberg photugrajihs along |(I10| and [(MJIJ were 
taken and thi^ following systematic. oxtinctioui> were observed. 

hkl — all present 

hoi — —A — 1 absent 

oko k - 2/i-f 1 absent 

From tho afiove conditions the space group is assigned as P2i/a. 

The density was determined by flotation method by using a mixture of bromo- 
form and benzene. This gives a value of d — 1 .42g cm The density calculated 
by considering 16 molecuk^ in tho unit coll is L48g cni“^. 

Further work on the determination of the complete structure of the substance 
is in progress. 
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BOOK REVIEW 


ELECTROMAGNETIC SCATTERING — Edited by Milton Kerker. Publisher 

— Porgaraon Press. Price £1 net. 

The present book edited by Milton Kerker contains the papers present(*d 
at the interdisciplinary Conference on scattering of electromagnetic wave. The 
papers are dividofl into the following six sections : 

1 ) Particle scattering 

2) Light scattering m the atmosphere and apace 

3) Microwave and Radio wave scattering in atmosphere 

4) Light scattering in solutionfe 

5) Interactions in solids and liquids 
and 6) Multiple scattering. 

The first section mainly presents new calculations of electromagnetic scattering 
from various typos of non-spherical particles and inohomogenous media. A 
few papers are concerned with the numerical calculations of the scattering inten- 
sities by the conventional theories for particles of various sizes having different 
values of the refractive index. A few very interesting papers in the next section 
analyse the observation on solar J’-corona, zodiacal light and the cometary head 
on the basis of the theory of light scattering by oriented intestellar particles. 
Theories of back scattering of microwaves by dielectric spheroids are the subject 
matter of a few papers under the third section. A very useful paper in this section 
gives the theory of radio wave scattering by a medium possessing irregular dielectric 
structure and its application to explore the refractive index structure of the at- 
mosphere which is dependant on humidity and temperature gradient. Papers 
in the fourth session mainly consider the scattering of light and small angle X-rays 
scattering by solutions of macromolecules and micellar films of soaps. The next 
section concerns itself with papers on the scattering of light and X-rays from dense 
systems — ^such as polymers with heterogeneous structure, metal precipitates in 
semi conductors etc. The application of the light scattering studies for the eva- 
luation of the crystalline-amorphous structure of a polymeric solid is nicely dis- 
cussed in a paper by Stein. The last section deals with a few theoretical papers 
on multiple Fcattering. Prom the above short review it is clear that the papers 
cover a wide field of interest and indicate the possible applications of the studies 
of electromagnetic scattering for characterising the structure of macromolecules 
as well as the atmosphere and the interstell particles. The book is very useful 
for future workers in various disciplines ranging from the biology to the matereo- 
logy. The book is not meant, however, for the beginners. The figures and photo- 
graphs are well represented. The book will be an useful addition to a Science 
library ij. X. Sm 


504 



S3 


STUDY OF SOME ALPHA GROUPS FROM 
AMERICIUM— 241 

M. RAMA RAO 

Saha Institute of Nucleak Physics, Calcutta-9. 

(Received November 3* IfRir)) 

ABSTRACT. Aif)ha <lociiy of Aiiioriciiun-241 has boon iin'estigatocl with a low pressuiH^ 
expansion oloud chiinibor. It has boon possible to moa^ro the energies and relati\M) abund- 
anees of at loa.st 5 alpha ray groups. Based on these ox|>enmontai data u partial level seheme 
for Noptuniiim-237 is presented and discussed. ^ 

5 

I NTH ODUCTION 

Alpha radioactivity has boon obsorvod to a property common to all the 
olonients beyond lead in the periodic classification of elements. The alpha particles 
from a given radioactive nuclide are emitted in groups with discrete energies. 
Inv(\stigation on the a-d(H*ay characteristitm of stweral a-ernitters has revealed 
certain interesting features common to them. Thus in the case of all oven-even 
a-oniitters it has btMUi found that transitions to the ground state of tin*, product 
nudeus is most almndant, whereas transitions by a lower energy group is in lower 
abundance. These obsiuvaiions are in good agreement with the demands 
of the simpler a-d(>(‘ay theory presented by Gamow. There is, however, 
a good deal of departure*, from tliis regularity in the case of odd nucleon typo. It 
is noticed that for the odd nucleon typo, tlie ground state transition is most highly 
hindered, whon^as one or more of the lower energy groups are in relatively higher 
ahundanc(’' than would hv (^x])ectod on the basis of tlioir resjiective energies. For 
example, in the case of Am^*! which is of the odd-even type, analysis of the 
fine structure a-ray groups in transitions to different excited levels of Np®®^ 
show^s that the highest em(Tgy a-group leading to the ground state is in V(‘ry poor 
abundam^e comparefl to 85% abundance of a lower energy group leading to a level 
59 koV abovi*. tlie ground state A detailed knowledge of the energy of the several 
a-ray groups and their abundances can possibly lead to a better understanding of 
the complex behaviour of such odd-even species in particular and eventually 
advance our ideas in the realisation of a rigid a-de.(;ay theory. We choose 
as a good represemtative of the odd-oven species for making our 
investigations. Besides the intrensic interest in the a-decay characteristics 
of Am*^^ the energy differences of the various a-groups involved allow us 
to picture a level scheme of the excited states of Np2»^ Neptunium is one of the 
most widely studied nuclei. Information on the excited states of Np*®’ has been 
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obtained mostly" through experiments based on (i) ^-decay of Baranov (1966), 

Ji*aKjuusson (1957), Bunker (1957) (ii) electron capture in Haffmen (1958), 

(iii) coulomb (‘xcitation of Ne\\'ton (1958). Such information has also been 

obtained I by Wolfson (1964) through studies on the low energy y-ray transitions in 
Nyj®®" following the a-doeay of by an examination of the internal conversion 

spectrum. Howcvct, relatively much less is known about the excitation levels 
of froju direct measurements on a-transitions in the decay of Am^^i. Asaro 

(‘f al. (1952) and Ivosenblum (1957) have reported a-transitions measured directly 
to sev(‘n Np^**’ levels. Th(‘ recent investigations of Baranov (1964), using a mag- 
netic' s|)(M*trogra])h of high resolution, has considcu’ably enhanced our knowledge 
l)y revealing the existence of a strikingly large number of a-ray groups hitherto 
unknown. 

In vi(‘w of th(‘ recent lindings, Ani^^^ offers a worthwhile study from the view 
point of tlu» int rinsic characteristics of a-deeay as well as the excitation levels of 
appearing through the a -decay of Americium. A low pressure expansion 
(tloud chamber has been used for T*esolving several of the a-groups emitted by 
Am-^^^ Their relatives intensiti(*s have also been estimated Based on theses 
(^x]:)erimental data a partial level sclieme of is yu’osented. 

APPAHATUS AND E X P E ll 1 M E N T A b A H H A N (1 E M E N T 

A low pressure' expaiision type cloud chamber reported by the author in an 
earlier j)ublication (1961) has been used in determining the energies of the various 
a-ray groups from measurememts of their respective ranges. The dimensions of 
th(' chamber art^ 25 ( m in diameter and 5 cm in d(^j)th Argon and iso-amyl 
alcohol is the gas-vayxmr mixture used for the chamber filling. The* working 
])ressur(‘ of the* chamber has been maintained at 15 cm Hg. By such a choice 
of tin*, gas-vapour cojny)ositi<m and the working y)ressure inside the cliamber it 
is possible to magnify the track lengths of the a-y)arti(5les so as to extend almost 
across the entire diametew of Uk' chamber. Tn so doing, the range differences of 
tli(^ various a-ray grouf)s are accentuated, thus facilitating more j)recise measure- 
ments on the rang(vs and consequently better energy estimates. 

The source for investigation is iso topically pure Am^^^ obtained from Oak 
Jiidge Te(‘hnical Entery)ris(‘s Cory)oration (OKTEO), Ttmnessee. Deposited on 
a platinum backing, the active source diameter is 3 nun and has a strength of 
0.154 // (Hir. This source has been ?nounted on the wall of tlie perspex chamber 
internally. An electroclumiically deposited source of polonium of low activity 
lias also been installed inside the cJiambor so as to photograph suitable reference 
tracks along wdth a-ray tracks of Am-^^b In order to avoid jamming every picture 
with Po-a tra(;ks, thereby making measurements on Am‘^^i alphas less cumbersome, 
the Po-alphas wen^ interruj)ted by a shutter arrangement operated electromag- 
notically so tJiat the reference tracks were only introduced into the picture at 
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ohoaon intervals. Such an arran(>(‘n\ent wnultl lielp to i lu-ckui) the eonstiuiev of 
pressure over the entire operating period (»f the ehanilnu*. 

The a-tracks are photographed under a stereo set up. For a spatial reeons- 
truction of the tracks, the developed negatives are n'introdueed into tlie sanu‘ 
camera assembly and strongly illuminated so as to project th(‘ iinages on a trans- 
lucent viewing scrooii arranged to be ct)iiveniontly adjusUul to any d<‘siied ]»la.ne. 
The screen is so oriented that the inmge of a given track as |)]’oj(‘c((«l frojii the 
two lens system of tlu^ camera is obsru’vivl to (-oiiujide throughout, thus i’e-(‘stal>lish- 
ing the original position of a tra<‘k relative, to the camcn'a asseiulily. IVlt^asurenuud 
of the true longtli of a track iindc.r inv(‘.stigation is nuid(‘ IVoiii llu* Iii(‘-siz(‘. image 
thus produced. 

K X P E H J M K N A L HE S V L T S 

With the above setup 4000 stor(M) })hotogni]>hs were obtained, each pietur(‘ 
having on an average about lo tracks, thus ac(MM|ntiug for a total of n(*arh titfOOtl 
tracks during the whole run. Kr(‘sh chamber filling was ma(li‘ (‘V(wv day so as t(» 
keep the gas-vapour composition identical, and it was (msiired that all tla* oIIkm' 
working condiiiens were maintained steady all through. After applying llie 
standard criteria for selection of tracks, th(‘ iiumh(*r of acceptabU‘ trai'ks reduced 
to about 85,000 and length measureimmts w(‘re confined only to this nunilKU*. 
Accuracy no better than 0.5 mm in length measurenuuits has Ihhmi attempUsl. 
The data are presented in Fig. I in the form of kmgth distrilmtion curv<‘ 



Fig. 1. Track length dintribution for Ani'-+> «-parli<-Jo8, 

The ine^n values of the ranges in cm corresponding to ti.e different ene.rgj’ 
groups as obtained from the track length distribution curve are prc,sonte<l u. eolnmn 

1 of Table I, 
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TABLE T 

Data on alpha docay of americium -241 


Measured 
ranges of 
ot-partiolos 
(em) 

Reductid 

air 

equivalent 

ranges 

(cm) 

a-particlo 

ent^rgy 

(MoV) 

Obs. rel. 
Intensity 

o/ 

/o 

Calc. rel. 
Intensity 

O/ 

/o 

Energy 

level 

(koV) 

19.30 

4.110 

. 5.540 

— 


0 

19.00 

4.047 

6.481 

8 . 5.0 

85.0 

59.6 

18 . 7 ri 

3.993 

5.438 

12.8 

12.2 

103.0 

18.40 

3.919 

6 . 382 

1 .46 

2.2 

168.6 

18.10 

3.865 

6.317 

- 

~ 

220.0 


These mean ranges of the track lengths have been converted to (tm of air equi- 
valent range by using tlie stopping power of the gas. If the stopping power of the 
gas is (h^fined as the ratio of the mean range of a-particles in air to thi^ range in the 
gas under the working conditions, then the reduced air ranges are obtained by 
multiplying the measured lengths by this factor. The stopping power has been 
experin Jen tally det(^rmined in a preliminary investigation by obtaining the mean 
range of Po-a particles and comparing it with the known mean range of Po-a 
particles in air under standard conditions (3.84 cm at 760 mm Hg and 15“C). 
The stopping power has been determined to be 0.213. TJie choice of Po-^*^ alphas 
is appropriate for this purpose firstly for the reason that the tracks rendered by the 
source are homogeneous and secondly the energy of Po-a (5.303 MeV) is comparable 
to that of alphas so that the value of the stopping })ower deduced can directly 
be employed in reducing the Ani**'*^ data without involving serious error. 

The reduced air equivalent ranges are shown in column 2 of Table 1. The 
energies corresponding to the different range groups are obtained by utilising 
Bethe's range-energy curves, Bethe (1950), and these are given in column 3. 

DISCUSSION OF THE RESULTS 

The energy level scheme of Np®^’ based on our experimental results is shown 
in Fig. 2. 

We have been able to measure the energies of five groups of a-particles. The 
different groups are associated with transitions to levels belonging to two rotational 
bands. The 69.6, 103, 158.6 and 226 KeV levels constitute members of the most 
highly developed band based on 5/2— f523] orbital in terms of Nilsson’s theoretical 
single particle states. The spin of the lowest member of this band is 5/2. The 
other rotational band 6/2 +[042] comprises of the ground state and the 33KeV 
level. The 33 KeV level with a reported intensity of 0.24% occurs at a distance 
of only 26 KeV from a line whose intensity is 86% (roughly 350 times stronger). 
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The inadequate resolution of the apparatus has made it diffieidt to resolve this 
level at 33 K(A . The ground state spin of Np^*' has been measured hy Tomkins 
(1948), as 5/2. Hcdlander et <il, (1956) have assigned ))aritv to tln^ ground state 
band and the 59 K,eV ))and to he respt‘etively oven aiul odd. 


146 241 

_ Am 



(S/g. 5/2‘-) 

K I 


226 I 

166 6 

103 0 
59 6 

0 

E (Kev 


Fig. 2. Energy level srliemo of 

According to tlie t}i(?ory of Bohr and IVlottelson (1953), tlu^ rotational states 
of an odd nucleus can liave the following energy and spin soqu(*nr*e : 

El f [/(/+ 1 )-/«(/., + 1 )] 

I,+ \. Vh2,... 

where is tlu* spin of the lowest state in tlie band 

7 is tile spin of the considered excited state and 
g is the effective nuclear moment of inertia. 

Making use of the energy difference of 43 KeV betw een th(» 5/2 and 7/2 states. 

the quantum of rotation has been Ciileulated to bi 6.14 KoV. Again, utilising 
the energy difference, of 56 KeV between the 7/2 and 9/2 statt^s, the calculates! 

t2 

value of c-onioK out to be 6.22 KeV. Wo thus notice the ^oocl agreement of 
2fl' 

the energy level spacings between levels of this band in conformity with Bohr- 
Mottelson theory for rotational excitation energies. 

Further, denoting by /<, Ki (If, Kf ) the spin and its projection on the symmetry 
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axis of the initial (final) nueleus. the probability of a favoured a-transition for an 
(idd mass nucleus is j^ivon by the ft^rniula Bohr. (1955) 

P P,(Z.J£)^ ... (1) 

where Pq{Z, E) is given by Geiger-Nutall law : 

\og,,P,^C-DE-i ... (2) 

The (ionstants T, D and Cj are detenninod from the the a-transition probabilities 
of the neighbouring even-ev(‘n nuclei. E is the energy of the fine structure com- 
])onent in (|ueHtion. The braeketted term in the formula (1 ) is tht‘. vector addition 
of tile angidar momenta 7^ and I to form the resultant If. Utilising — 1 , — 0.7 

and C4 = 0.01 and appro])riate values for spins of initial and final states of the 
nucleus, the relative intensitit^s of the a-transitions to different excited states have 
been cal<Milated and tliese ari^ jin^sented in column 5. Five imergy peaks are 
evident from Fig. I, thereby revealing 5 fine structure a-ray groups from 
The relative intensities of 8 levels of the favoimnl band as estimated from the fiill- 
-energy peaks of the spectrum are presented in column 4. 

In (column B. the best and undisputed values of the excitation energies are 
included. Tt can be seen that them‘ is a faii'ly gfiod agreement between the observed 
transition intensities and those calculated with the h(dp of th(^ expression for 
a-transition probabilities for od<l mass nuclei. Thus for transitions involving 
I “ 0, 2, 4, our data lends support to the validity of forjnula (1) for a-transition 
probabilities of odd mass nu(4ei. 
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DISPERSION RELATIONS FOR ELECTRON PLASMA 
IN AN EXTERNAL MAGNETIC FIELD 


SAROJ K MA.1UMT)AR 

Sah^ Institute of Nxti’lkak PHYsiija, (Ulctttta, India 
{Received JSepUmbrr 25, 1905) 

ABSTRACT. Th(^ Boltzimirui- Vlasov otjuatJoii il hoKimI by iiitograting it ovor tho 
chamotoristK* tmjoclory of the oloctrons. The (lis])(U*si()tt laws for panillol and porpoiidicular 
wave propagation aro obtainod m t-ornis of a function which belongs to tlio family of Bossol'w 
function. Explicit expressions for this function has boon Dbt allied for low tompc'rature plasma. 

IN T ROD UOT J ON 


Tlu‘ theory of wave propagation in a planina plaei^d in an (‘xterna! nnigiiciii* 
field lias been developed by many authors e.g., by Gross (11)51 ), Sitenksand Ste])anov' 
(1957) Bernstein (J95S) Allis et nl. (I9t)2) and others Most of these invt'stigations 
are eoueonied with solving tlu^ Boltzmann- V lasov kiiudie (^(piation eouplisl with 
Maxut^.ll's e.m. field equations. From the eondition of 1h(‘. existence of thi‘ s uu- 
tion of these ecpiations, oru* obtains tlio dispersion relation of th(‘. plasma. The 
dielectric coefficient for a magnetic* plasma turns out- to ho a ituisor wliost* nine 
(‘Icinents have t»xtremoly complicated form. Only in the eas(‘ of Iovn' ttMujjtU'ature 
plasma, these* elenuuiis (ian lx*, simplified to a certain extent . Houiwi^r, it is pos- 
sible to express all tlie olomenU in terms of a single* funetjon wliidi makts tlie» 
mathematical tasks less involved. This will be clones in the*. pre*.sent papcT and in 
the paper that, will be*, published subsequently. 

In this paper we) start by solving tlie Boltzmaini-Viasov kinetic; 
equation, by integrating it oveu* the eharacte^ristie* trajectory of the elexdron. 
The plasma w ill he assumed “(*ollisionless*’ and joii motions will he* neglee^ted. Wo 
sliall (‘.aleulate the dispersion law' for waves propagating (a) parallel, and (h) per- 
pendicular, to the magiiotie field. In the next paper, wt. extend the* c*aleulatK>n 
for an arbitrary dire<’tion of wave propagation. 


0 H A K A C T E K I S T 1 INTEGRATION OF BOLTZMANN- 
VLASOV EQUATION 

The linearised Boltzmann -Vlasov equation for the plasma electrons is 


dt ^ dr 


^ (vxH,)-^ 
me vv 


L E • . 

m dv 


(i) 


where /i is a smaU perturbation in the distribution function of the electrons over 
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the steady state distribution /<). E is the electric field in the plasma created due to 
/], and Ho is the externally ai)plied steady magnetic field. Other quantities 
have their usual meaning. 

The (?}iaraetoriHti(; trajectory of the electrons is given by 


I 

dr dr 




d_ 

dv * 


... (2) 


Let v^(t), r^(T) denote the characteristic velocity and position of the electrons as 
a function <»f the charac^teristic time t, and these obey eqns. (2). Replacing r by 
r+rg(r), v by Vc(r) and t by /-|-t in eqiL (I), it reduce.s to the following form : 

f /,(r+r,(T), Ve(T), <4r)- -E(r+r„(T), <+r). ... (3) 

dr m dVc(T) 

We choose the initial conditions .such that at time t (i.e., r - 0), rc(0) — 0 and 
Vp(0) = V, and at t — 0, /i = (1. With these conditions, we integrate (3) over 
T from r ^ to t — 0 and obtain . 


fi(r^ V, n 


e 

m 


/ E(rH r^( - t), /-t) • 
0 


% 

f9Ve( — t) 


dr. 


From this equation, by taking Fourier space-transform and Laplace time- transform 
of the form 


/dk, V, (o) ^ I dt i dk/i(r, v, » 

(I 

we obtain 

/i(k, V, <o) = ^ E{k, ^o) . n(k. V, <o), ... (4) 

where m) f + ... ( 5 ) 

DISPERSION RELATION 

Let us assume that a test partic^le of (charge q, mass M, and moving with a 

velocity Fo(/), disturbs the plasma from the steady state. The two Maxwell’s 
equations in that casi5, are given by : 

V X E(r, ^ , ... (6a) 

V X H(r. t) = I J Ur. V, l)v dv+ ^ «(r-r0 F„(<). ■ • • (6b) 

c ut c c 

In (6b), the {>otition ti of the test particle is exactly given by the Dirac’s ^-function. 
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We take lourier-liaplacc traiisforui of eqns. (6) as before. Thou eliminating 
the two quantities H and/^, from the re.sulting equations and equ. (4), ^\o obtain 
an equation for the electric field in the plasma ; 

( J rfvv E (k, co)C2(k, V, w) 

=- i " 47rqV, n) 


^vhere 7 _ f . (8) 

0 ' 

It we clolino a matrix 

Aij ^ j J r, fij (k. V, 6^), 

where the subrteripts 'i,j or, y,z aiul 
S^j = 0, for i y j 
= 1 , for i r- j. 

then eqn. (7) becomes 

Ai,Ej^i^^4nql\. ( 10 ) 

The condition for vanishing of the dotcrinimmt of the matrix Aij gives the disper- 
sion relation 

del I 1=0. ... (11) 

Wo take the niagntdic field H,j along the positive ;:;-diroeiion of cylindrical co- 
ordinates, and write 

k ^ k^-l-kp. 

V = v*+Vp, ... (12) 

where the subscripts z and p denote components along and at right angles to the 
magiiotic; field. Then solving t^qns. {2) we get an expression for the eharaeteristie 
path of the electrons in plasma; 

rdr) 

= ea.a[sin (^o+cogT)— sin #9^]— eya[cos (<9 ^,+ WcT) — cos ••• (^'^) 

Here, the e’s are three unit vectors along the coordinate axes, 6q is the azimuthal 
angle of Vp and 




eHo 

me 


(14) 


2 
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are respectively the Larmor radius and cyclotron frequency of electrons. 
DJSPEHSION LAW FOR PARALLEL PROPAGATION 
For propagation parallel to Ho, we set kp — 0. Using (13), wo get 

k • rp{— r) =r= - k^v^T. ... ( 15 ) 

The steady state distribution function /q is taken to be Maxwellian : 

fo == exp ( - Jl? *>/.*] j ■ ••• (16) 

whore ai,, is the number of electrons per e.e., and the jilasma temperature T is in 
ergs. 

Writing Jrfvr.n, ... (17) 


and noticing that tlu* characteristic velocity is given by 


Ve(T) e^v„ w)8(^^„+WeT)+ej,iv to„T)-|-ej»v. ... (18a) 

while the random thermal velocity ia 

V = Cj-Wp 008 sin O^+e^ Vg, ... ( 18 b) 

wo can evaluate the various integrals Ifj given by (17) in a quite straight forward 
manner, using eqns. (5), (15), (16) and (18). The result is 

/x. - /zx -- 0. ... (19) 




2r2 


-TOO 


.1 -I _..l 

~ ( ca - o) J k,v, - ( w 4 big) 


]■ 


.. ( 20 ) 


4- on 

f dv,Fo{v,)\ r r i - iT- I 1 

2ri } L (to_(Oj) (w -I •(.»„) J 


and 


( 21 ) 




m r dyiV;^P^(v.) 
T ) k,v.~- 


... ( 22 ) 


In these equations the quantity J'o(v*) is given by 

“ (mj'ZnT)^ exp(— wv*/ 27 '). 


( 23 ) 
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and (Oj, is tlio plasma frcHpiency 

o)p — (4:ne^nJm)K ... (24) 

Using eqn. (9) and oqns.. (19) to (22) tho disporsion law ( IJ ) giv(‘s rise to the foilow- 
ing relations for tho tlirw uncoiijdtvl waves . 

for longitudinal plasma waves, and 

k/ - ^ +Ii+ih =« 0 - (26a) 

C“ 

'rli-ih = 6. ••• (26b) 

for transverse circularly polarises] o.m waves. 

Tho path of integration in tJie -j)Jane of th(‘ integrals in (29) to (22) can ho 
proscribed by giving a small imaginary part to to and then deforming tlu* contour 
arround th<^ polo (Sc(', for ex., Stix 1962). It is then potisible to wirte tlu^ following 
expression for /j+i/o valid for all <o : 


l,+ii,- lp { (‘" 7 “- ) . 

fC-w J ^ \ ^ \ ^ z f 


V.~ 


<0 -to^ 


(27) 


The principal value part, denoted by P can lx*, (‘asily (‘valuated and one obtained 
from eqn. (26a), 


1.3/2;- 




+ wV^o ( p ) = 6. - (28) 

In (28), 9/ — cJfc^/o) is tlie plasma refractive index, ^/) = (Tlm)^(ap is the Debye 
length, and ^ is confluent hyi)ergeometric function, Erdelyi (1963). Writing 
6) = with o>t << tdr in eqn. (28), and separating the real and imaginary 

parts we obtain 


-1 = 


C*(C^^) ,/ 


1.3/2;- 






... (29) 
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E(|ns. (29) and (30) givo tho dispornion law and damping dooremont for the cir- 
cularly polarised mode (26a). Those r(‘lations wen*, earlier obtained by Pradhan 
(1957) by a different nu^thod For low temperature plasma, Xjy is small, so that 
on(‘. can use the asymptotic c^xpansion of ^ in (29). If we keep terms only up 
to first ord(‘r in Xjy^ (i.e. first order in T), w(^ o})tain the following expression for 
th(‘- r(dractiv(‘ index of tfie mode (26ii). 


t - 



O)(co — COc) 



r>2{to -o>e)" 


]• 


(31) 


Tho two other modes, (25) and (26b) can bo similarly troatol. 

DTSPEKSION LAW FOR PERPENDICULAR PROPAGATION 

In this (;ase wo set 6- anil without any h»ss of generality we can assume 
that ky — 0, so that k — ^ k,,.. Using eqn. (13) th(i quantity k • r^(~ r) is 

then given by, 

k • rj(-T) = -2ak^ sin c-ob ... (32) 

Using (32) and (18), the three compements of o of eqii. (5) can be written down in 
the fo-llowing form : 


n, = 2yp/'„(v*) 

0 

aO • f Urf I 

*0 

Oz = 2vJ'o(v^) («<>- T )df, 

0 


where prime denotes differentiation w.r.t. argument, ami 


... (33a) 


... (33h) 


(33c) 


A == 2 sin , 

to* 

Eqns. (33) together with eqn. (17) will givo us tho various integrals needed to 
evaluate the elements Aij. We shall briefly indicate how this can be done for the 
case of The remaining integrals can be evaluated in the same manner, 
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From oqiins. (17) and (33a), tlie integral can bo written down ns follows : 
hx - -Wo ^ yjv, e 2T Jdv.V'^ e- 27' 


2w „ /„ _ "d \ 

J d(9„ cos n,, J dt e, \ " 2 y C 




The integral over is straightforward. We integrati'. over 0^^ first and then over 
Vp, Those are standard integrals and !)y (juitd straight forward manner one 
obtains : 


where 






... (34) 


00 

S^,(z) — J cos i 


0 


dt. 


(35) 


o k.i^T 

, Z — ‘g. 

ojff moic 


(36) 


The expression (34) for 7^^, ean befnrtlier shnyilified in the following way : Writing 


on 27r 47r or 

;==; 4-; 


0 0 2^ 


the function S^(z) transforms into the form 

2t 

Sv(z) (1 -I rS-TTVi j-f47rl'^-{- ...) f (dvl-^tz cos t dt. 

At all points in tlie eomyilex v-plane, ex(^e])t \\ here v -- intogers th(^ infinite series 
on the r.h.s. can be replaced by J/(l - c^tti'^), ho that Sp(z) becomes 


SAz) - 


in 

sin V3T 


M„(z), 


(37) 


whore 


MAz) “ ^ J ^ ‘ ^ 

TT 0 


(38) 


The function M,(z) reduces to I^i-z), i.e. modified Beesol’s function of the first 
kind, whenever v = integers. Otherwise, it is a distined function and bciars the 
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KftiiK! ivlation 1<i /,,( z), asi Angor functiona do to ordinary Bessel funetions 
(Watson lt>52). Tln‘- fuiKiion Mj,{z) has th« following rocurronco rolations : 

M_,(z) - M^{z), 

M, ,,{»)+ Ar,_i(a) --2M\(z). 

M,. i{z)—M,.+i{z)=^ “ e* sin 7rv--— Jl/,,( 2 ). ... (39) 

7TZ Z 

Expn^ssiiig tht‘ functions Sp{z) in terms of Mt.(z), and using oqn. (39), one can reduce 
to th(i folloMung siiupJo form . 


/ 


XX — 



[1+ive-* SAz)]. 

z 


In a similar manner dedmie. 


fyi) — Ijr 


.+ *■ 


fO, 


f) 

I (2v 2) r- 
dz 


SAz), 


(40) 


(41) 


I- -1- v(r-^S,(*)). 


(42) 


^0 11 — 


(C-^S„(2)), 


and 


^ xz ^2X ~~ ^IfZ 


(43) 

(44) 


We thus n()tic(‘ tluit if ex])r(‘SS(Hl in terms of the function c"® formidable 

looking integrals reduce to particularly simple ex}>ression. Tlu^ dispersion 
relation (II) in this case has the following form : 


— +7 


Ic 2__ 4_ / 

^2 ^ VV 


0 “ + i„ 

c 


- 0. 


We shall conclude the cahmlation in this paper by giving the explicit expres- 
sion of la-a. etc. for low temperature plasma. When T is small, the quantity z 
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givon by eqn. (36) can be taken as less than unity. Hence, to a first apjwoxi- 
mation we can expand the cjuantity wliieli occurs in tlio expression tor 

(z) in powers of and int('grati' tcirni by term to obtain an (expression for M ^,(z) and 
hcnc(e, that of aS,,(s). Wv: also i^xpand. — 1 — z, Using tluse result is eqii. 
(40) [or in (34) akuig with eipi. (30)], and kcH'ping only terms u]>to tlu' first power 
of z (i.c. first order in T), we obtain 


] 


rra 



1 

\-IP 


4 


(1 -4/y*)(i- 


-n 


■where 



In a similar manner we (le.iluee 


/ 


uu 


m/ f _ I 

r-'! L f~/r^ 


+Z/I- 


I +8/^“ 


T = V [ 1+ 1 

r2' L ^1-//- 1 


' '^y.r - ' 


;S /' [ 


' -I 

\~/P (1 


(Sz/P 

/y^)(i 4/f'^) 


It may Ix'. noted that thos(^ ndations for /,^\s reduei* to th(^ usual ('X])r(\ssion for 
/ert) magn(*tic fi(‘ld for // - 0 If higher teiuperatui(‘ coircction is (h^sired one 

must ke(q) terms u])to second order in z in tlui expansion of 


CONCLUSIONS 

From th(‘ ealeulation givcui in the* last section w(^ may notice^ one int(*r(^sting 
point. In eas(‘ of perjamdicular ])ro})agation, th(‘ ])rof)l(*m of finding tJic ilispiusive 
behaviour of magnetic jilasma, nxluces to discussions of tlu* jirojiertjes oftlic func- 
tion Mj,(z), or ^’p(2:). "riiis function, as given in (35) or (37) includes tlie plasma 
Umiperature (z) and tlu! ratio of wave fro(pieiu‘y to cyclotron fre(|uency (v) as para- 
meters. In comparison to (ordinary Bessel functions, wi* may refer to v and z as 
the order and argument resjiectively of the function S^,{z). If we can find suitable- 
expression for S^{z) for different combinations of small and larger v and we shall 
be able to solve the problem completely. 
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DIRECTIONAL CORRELATION STUDY OF GAMMA 
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ABSTRACT. 'J'he decay sehemo of is studied and the gamma-gamma dinn*- 
tional correlation meufluromentfi are carried out for few cancadeB. On the baHis of the experi- 
mental data on diri’ctional correlations, the spin assignmi'iits are made for the 603, 1326, 
1964, 2313, 2688 keV excited levels of Teis^. MiAtipolo assignments are made for 989, 
1362 keV transitions. 

I N T K 0 1> U C T 1 () N 

The disintegration of 60 day h^ds to a complex spei’truni. B(*ta emis- 
sion of reKuUs in tiu* formation of in different excited stak^K. Thv. beta 
spc(*tiTrm lias been thonmgbly analysiMl by various investigators using absorption 
iiiothods and magnetic analysers. Th(‘ spin assigiiTuents for th(‘ levels have been 
investigated by diroctionai correlation studies by several M'orkers. There are 
however, other levels in addition to the levels mentioned above which liave not 
been studied by angular correlation method. In the present investigation 
angular correlation study has Ixten undertaken for all the possible gamma 
cascades. 


EXPERIMENTAL TECHNIQUE 

A fast slow tripli^ coincidence sidntillation siiectromekT having a time n^so- 
lution of 30 nano seconds is designed and constructed. The head assembly con- 
sists of Nal(Tl) scintillator coupled to Dumont 6292 pliotomultipli(»rs, a fast 
amplifier and an emitter follower. The power to the photomultipliers is supplied 
from a well regulated negative high tension unit. This arrangement permits 
direct coupling of the photomultijdier anode to the input of the fast amplifier, 
which has a band width of over 60 megacycles per second. The output pulse 
from the cathode follower has a fast rm, (better than 0.01 microsecond) a flat top 
and long trailing edge suitable for clipping by the shortefl delay technique. The 
standard Bell Graham and Fetch coincidenct^ circuit is u^ed with reversal of diode 
connections since the pulses encountered are negative. The triple coincidence 
circuit is an additive type cathode follower having a resolving time of two micro- 
seconds. Compton graded inveitcd cone type of shields are used around the 
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suiutillaiors in order to csliniinate crystal to crystal scattering effects and othei 
iiit(?rftring (dfoctn. The. energy re.»olution of each ppoetrometer ip found to be 
S.r>% for tiio 662 KoV gamma rays of 

A cyliiidrK'al perspex container having a cavity of 4mm diamettr and K'lnm 
d(»})tli vv^ith a wall thickness of ().25mni is used as source holder. This source con- 
tainer IS mounted vertically at the intersection Cif the axes of the two detectors 
and alxuit 5 cm from tlie crystals. The spectrometer is initially tested for angular 
eorre.Iation nitM:Vsuremcnts using the standard cascade of Ni®® and found to be quite 
satisfactory for correlation measurements. 

R R S U L T S 

Tht' gamma spectrum is recorded emjiloying a weak source of in 27 r geo- 
metry. Thti intensity vc^rsus the pulse height is plotted for the signles spectnini 
as shown in Pigs. 1 and 2, for the regions of low' and high energies. An analysis 



Fig. 1. Singles spectrum of (low energy region) 



Fig. 2. Singies spectrum of Sba-* (high energy region) 

of these spectra show the prestmce of gamma transitions with energies 198, 375, 
603. 723. 950. 989, 1065. 1370, 1440, 1710. and 2085KeV.The ptrong peak observed 
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at 198K('V is due to the gamma photons soattored backwards. At tlio liigh ciu^rgy 
side there are indications of faint peaks with energies of PfiO and 1440 K(‘\' and tin* 
remaining peaks are well resolverl and prominent. The f>()3 KeV ganuna eompo- 
nent is found to be the most intenst^ of all the radiations indicating that tJiis radia- 
tion is omitted as result of the transition from the first excited stat e to tlie gn und 
state of 

In the present investigation ooincidcmcc^s are obsorvwl by focussing one of tiu' 
(ihanneJs to a prominent peak and scanning th(‘ other cdiannel thremgh tlu* ('otin* 
energy spectrum. The two counteis are so fixed as to subtend an angU* of 
between them in order to minimise the cTystal to crystal scattering. Similarly 
coincidences are observed by focussing the fixed channel to all the ])r()min(‘nt 
peaks and the experiment is repeated. The coincidence curves are sliown in Figs. 
3. to fi. 



Kig. 3. (Ioinr i<lonro Rportnim with COM KoV gamnui fOmpoTimil . 

The com|)onent with an energy fi03KeV is in cioimudencc' with thi gamn*a 
rays of energies 20Sfi, 1710, 1362, 989, 723, 603 and 200 KeV. The 989 KeV 
(rompoiunt is in coincidenc.t^ with components of energies 6fi)3 and 1362 KeV. 
The well resolved component with an energy of 1710 KeV prominently coincides 
with the 603 KeV component and less prominently with 723 KeV component. 
The 2085 KeV gamma component is only in coincidence with 603 KeV com- 
ponent. While observing all these coincidences the gates of the two (diannel 
are so adjusted as to eliminate the possibility of the interference of any strong 
peak on the adjaoent weak component. On the basis of the coincidence data 
obtained in the present investigation a level sciiemo is drawn as shown in Fig. 1 1 . 

The gamma-gamma directional correlation study for the 2085-603 KeV . 
1710-603 KeV, 1362-603 KeV and 989-723 KeV cascades are studiwi in aider to 
assign spins for some levels and multi polaiities for some i>f the transitions in 
the decay of Sb^‘^^. In the present case only those cascades in which the radia- 
tions are well resolved with a considerable number of (joincidenoes are taken into 



524 


Mohan, Reddy, Raju and Jnanananda 



Fig. 4. Coinoidonce spoetrum with 1 362 KoV gaioma oomponnnt 



Fig. 5. Coincidence spoctnun with 1710 KeV gamma component. 

consideration. In these observations care is taken to see that the source is intense 
and is vertically mounted. It is centered within 0.5% variation of the ct>unt rate. 
A reasonable number of coincidences are collected in each observation until the 
statistics are found to be satisfactory. These cointndences are corro(^ted for 
accidental coincidences and the resulting data are used to evaluate the correlation 
coefficients A2 and A4 employing White’s analytical method of analysis (White, 




Directional Correlation Study of Oamma^ etc. 


525 



6 Ooirjoideiic© 8po<*<nim with 208/5 K©V f^amma component. 

1963). Then tho correction for finite*, angular resolution of the' rlctesitors is 
applied for the experimentally oletaineKl correlation (•ocffici»>nt.s. 

The angular c<jrrelation function.^ for the cascades that arc studied in th(» 
presimt investigation are a.s fo'lows : 

W(tf)2085-«03 KeV =- 1 (0.0421 0 (K»6)P2 co.s 0-\ (O.OOO J 0.004)J'4 cos 0 

WC-'yiniO-tiOSK.-V - I -(O.neOH-J «» 0072)P2 cos (O.'»082 }-0.(MI4H)P4cosd 
W(^)13f)2 803 KeV - 1 |-(().28S-i0.0084)P2 cos 0 - fO.fiOfi-f 0.0375)1*4 cos 0 
W{0) !m9-723KeV = H (0.2(»7J 0.008)P2 cos (().(MH5.(;0.0022)P4 cos 
These, values of cerrelati.m functions given arc. plotte.l against the angle suhtendwl 
between the movable and the fixed <!etect<.rs. The respective plots for all the 
functions are showai in Pigs. 7 and 8. 


P 1 S C U R S I 0 N 

The study of angular correlation of the cascades with energies 603-1710 KeV 

and 603-2085 KeV is under taken in order to assign the spina for the levels 

603 2313 and 2688 KeV of Te«*. The correlation coefficients for 603-1710 KoV 
cascade are -0.06981 ±0.0072 and ±0.0082 ±0.0048. The probable spin soquen- 
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(•(!H for tlim caHcatIo arc 4-2'-(>, 3-2-(), 2-2-(>. Tfio possibility of the spin value 
grcatc'r timn 4 lor th<‘ level 2318 KoV is excliifled on the basis of the results obtainwl 



Fig, 7 Plots of W{0) v» 0 for the cascades 1085-^ 603 KeV & 1710-603 KeV. 



Fig. H. Plots of W{i))ya 0 for the cancados 1302- 603 KeV & 080- 723 Kt>V. 

from the conversion ineamireinentH (Hutchinsrm et nl., T952). A romy)aris(4i of 
theorotically eomputed coefficients A2 and A4 with experimentally obtained 
ones eliminates all spin combinations with the exception of 3(D) 2(Q)(h The 
small diffm^nce in the values of theoretical and experimental coefficients can 
b(^ ascribed to the presence of 1% quadrupolo admixture in the 171(1 KeV 
transition. But this small amount of admixture can be neglocted and 1710 K(‘V 
transition can be considered as pure dipole. From this data a spin of 3 units 
is assigned to the level at 2313 KeV. 

The life time (Temmer ei ah, 1956) of the 603 KeV level (1.3x sec) 
being small, the correlation coefficients obtained in the present exprimental 
analysis are not perturbed by external fields; witli this consideration it (?an 
reasonably be joncluded that the 603 KeV excited level has a spin of 2 units 
which agrees well with the conversion measurements of this level (Metzer, 1952 ; 
SchrafF-Goldhaber et ah, 1955). The spin value and the sequence are conshtent 
with the general characteristics of even-even nuclei in which the first excited 
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states liave a spin of 2 units and the transition from the first ex<*ite(l state to groiiiul 
state ia pure (piadrupole ’transition. 

The spin of the first excited staU» has further been confirmed by studying the 
eas(!adt^ 2()S54)08 KeV. the same analysis is also used for the spin assignment (‘f the 
2688 KeV level. Tile correlation coefficients obtained t*an bt^ best fittefl into the 
spin sequence 3(D) 2(QUb Theoretical values with any otluM' secpiencc* are not 
(concurrent witli the experimentally obtained values. The little divcTgcnee in 
the value of tlu' experimentally obtaim‘d coefficients with thost‘ computed from 
theory for 3(D) 2(Q)(> sequencMi may be attributwl to the prestuice of a small amount 
of (piadrupole admixture (less than 1%) in the 2085 KeV transition. The spin 
value has not been reported by the internal conversion nu^asunMnents, this may 
be du(‘ to the* siiiall intensity of the 2085 KeV transition. The 2085 KeV-603 KeeV 
caH(cad(‘. show s a correlation form similar to that of 1710-603 Ko\' cascade. The 
spin assignments and the small admixture's of quacirupole (‘ontent in the 2085KeV 
transition an^ in agre<micnt with the results of previous investigators (Lindquist 
et nl, 1057 ; Weitkamp, 1063 ; Metzer, 1052). 

In the presenit investigation the 1362-603 KeV cascade is studi('.d for tht* spin 
assignment of the 1064 KeV lev(4. The values of A2 and A4 obtained an*- consis- 
timt W'itli the theoretically computed valm^s (»f the se(pienc(‘ 3(DQ)2(Q)0. Thc^ 
slight divergence* between the (joefficients when analyscnl show(*d an admixture 



Fig. 9. Multipolo admixture plot for the 1362 KeV transition. 

of 5% dipole in the 1362 KeV transition which is show n in the Fig. 0. From tins 
analysis a spin value of 3 units is assigned to the 1964 KeV level. 
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The study of tlie 989-723 KoV cascade yielded the values -f- 0.207 5 ±0.0061 
and - 0.0015±0.0022 for the coiTclation coefficients A2 and A4 respectively. 
Taking into a(*(*oent the 4% dipole admixture in the 723 Kc‘.V transition from;the 
work of Glanhinan el al (1964) and analysing for tJie admixture in the 9S9 KeV 



Fig. lO. Multiple admixture plot for tho 98U KoV transition. 



Fig. 11 , Level sclieme of T0124. 
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transition it is found that this transition is a niixturo of 08% dipole and 2% 
quadrupole, which is shown in Fig. 10. From this tlic inultipolo admixture 
of the 989 KeV transition is establislicd and the spin of tin* 1964 KeV level 
has been fixed as 3 units. 

From the coincidence curves it is inferred that the 603 KeV radiation is in 
coincidence with 723 KeV and 645 KoV radiations. But these cascades are highly 
interfering with one another. Hence a comdation study of the type employ(«l in 
the present investigation is md suitable for a (dear cut analysis, on tlui other hand 
only the method employed by Glaubuian et al (1964) is suitable for such a 
complex analysis. Due to this difficulty tin; sjfin assignment of tlu; 1248 KeV 
excited state is md extablishod in the present work. 

Employing the values of the (uiergios of the excited levels and tlios(' of transi- 
tions along with their resjx'ctive characteristics, a detailed hwid scheme of Tc*^^ 
is drawn as shown in Fig. II. The 0, (2), 4) spin assigimient to the 0, 603, and 
1348 KeV rotations as giveti by B(du'-Mottie8on inod(d. The ratio of the eneigy 
of the second exiedted state to the* first («cited state is 2.06. which is in iwcordaneo 
with the. theoretical predictions of Schraff-thddljabcr and Wejicser (1955) for 
even-even nuclei in the slightly deforimxl region 44 A ^ 154. 
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2K2 (Zn.Cu) (SO*)2 6H2O 
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ABSTRACT. Kollowing thti iroatment of Poldor and Stcwens iho theory of the crys- 
talline field acting on Ou'^F ion in K 2 O 11 (8()4)2f)H20 crystal was developed. From 

tlie temperaliire variation (>f the magnetic anisotropy (AK) of the salt tlie field paramett^rs 
were (walual.ed (Changing the sign of the tetragonal field (‘oeflicient s and using the same 
tetragonal field parameters as those of the undiluted salts a good agreement was obtained 
with the observed values of aK for the crystal having .HJ% Cu+i ion. 

1 N 'r R O D U C T [ O N 

X-ray rttudicH, magnetic birefringence and opti(;al absorption data on tb(^ 
Tutton salts of iron group of elements point to the existence of an axially 
ilistortod octahedral cluster of water dipoles surrounding the paramagnetic ion. 
The (!rystal field acting on the paramagnetic ion arises out of this distorted 
octahedral cluster and the direct and indirect influeneci of the (Jiarges outside 
this primary cluster. The intensity and asymmetry of this field which di'pend 
upon the distribution of electric (diarges \sill determines the magnetic anisotropy 
of the ion. When paramagnetic Tutton Salts are diluted with the correspond- 
ing zinc or magnesium Tutton Salt the charge distribution is likely to remain 
constant excerpt for the distant charges. 

Baggul(‘y and Griffiths (1952), however, from paramagnetic resonance oxperi- 
miuit came to the c-onclusion that for diluted copper salt 2K2*(Cu*Zn)(S04)26H20, 
having less than 1% of Cu+'^ ion, the susceptibility at SOO'^K along the axis of 
symmf^try of the cluster (K|i) is smaller than that for directions normal to the sym- 
metry axis (Ki), while at 9()®K, K\\ is greater than Kx, whereas for the undiluted 
salts K|| > Ki at all temperatures. 

Mookhorji and Lai (1906) from their studies on a magnetically diluted salt 
of copper (Ou-f ^ ion being 0.81%) at different temperatures attempted a qualita- 
tiv(i verification of the findings of Bagguley and Griffiths (1952). 

In this communication we have tried to explain the temperature variation 
of the magnetic anisotropy of the diluted salt 2K2(Zn*Cu)(S04)26H20 having 
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0.81% of Cu++ ion, following the crystal field treatment of Polder (11142) and 
Stevens (1952). 

SYMMETRY OK THE CRYSTAL FIELD 

Copper potassium sulphate is moiiocliiiic in the space group The unit 

has the dimension a, fe, — 9.iA, 12.2 A and fi.l A (Hoffman, 1931) (\ There 
are two magnetically inequivalent paramagnetic clusters in the unit cell. Eacli 
cluster consists of a Cu++ ion located at tl)t‘ centric of an approximate s(^uar(» formed 
by four water dipoles. Tln^ other two an^ located c(mtrally abovt* and below this 
square. The Cu-HgO distance normal to the square is great(T than thost^ in th(‘ 
plane of the square. Thus Cii+^ ion is at the (^totie of an ionic clust(‘r which is 
an approximate octahedron as derived from a regular one by tdongating om^ of its 
diagonals symmetrically. Hence this octahedron will have very nearly a tetragonal 
symmetry. R(H;ent PMR measurements by Bose et al (1964) show that tin* d(*par- 
ture from tetragonal symmetry is small in this case particularly at low tmnj)era- 
tures. As a result the crystal field acting on 0u’“^ ion is predominantly cubic 
with a small nearly tetragonal (component siqKTimposed on it. Now^ tabing the 
Cu++ ion at tlie origin of a suitably oriented rectangular coordinat(> system th(‘ 
electric potential of an electron placed at the ])oint (X, T, Z) in the luighboui- 
hood of the Ou'"^ ion may be represented by (Abragam and Pryc(‘ 1951) 

F(X,., 7^, Zi) K'(X^+Y^+Z*^ « r^)+A'(^Z^-r^) 

-I QT5(XH7^+Z^ ... d) 

whore K' is the cubic field (coefficient and A' and Q' are those for the tetragonal 

fiold. 


STARK S I’lT. TTTIN(3 OF THK () ROUND 

FREE ION 


STATE OF THE 


Tho ground state of the free CiC ion is From grouj) tluM.retic.il 

c.msidorations of Betlu. (1929) it is known that tlu. ground state breaks up into 
two levels in a field of cubic symmetry, while a tetragonal fiekl breaks those 
levels into four, each of which will have Kramers degeneracy. This degeneracy 
is lifted only by a magnt^tic field. 

The complete Hamiltonian for tho system is 

where is the free ion Hamiltonian, is the spin-orbit interaction M.S. 
(A = spin-orbit coupling coefficient) and H{L+2S) is the effect of the magnetic 

field on the ion. 

The matrix elements in the manifold of states spanning L = 2 are determined 
by changing the potential operator as given by equation (1) into its equivalent 
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caiigiilar inomriitum operator following Stevens (11152). Thus the secular matrix 
for the ground state is 





2 

-2 

1 

-1 

0 



2 

A* 

B 

0 

0 

0 



-2 

B 


0 

0 

0 



1 


0 

Al 

0 

0 



-1 

0 

0 

0 

Al 

0 



0 

0 

0 

0 

0 

Ao 

As = 

= <±2 

V 1 


~K’r* ? 

105 

+* AV* 

- Q'r^ 

105 ^ 

A, 3 . 


V 


= K'r* ~ 

10 

5 

“ A'r^+ 
7 

105^ 

An = 

<• 

V 0 


K'r* — - 

4 


Q'r^ 

II 

\ 

/ 

105 

7 


105 

B = 

<-t2l 

v\‘. 

2>=- 

A-rf 

105 

+ QV 

' 105^ 



Solving this 5 x 5 matrix wc^ get the energy levels as, 




- +4A"+4yl-4Q r=r A 
-r Jr^K-~2A+2Q =r A^ 


(2) 


O - 1 90 — 

where K ~ ^ 7 ^ ~ 105 averager^ (n = 2,4) 


of the Sd electrons. 

Tlio corresponding wave functions are, 

^’n-+i[!2> + |-2>]; J4-^|[|2>-|-2 > ] ... (.3) 

J'b-»| 1> and 1-1>; J’,-^|0> 

Optical absorption findings (Mookherji and Chhonkar 1959) show two peaks 
and hence to evaluate the three constants K, A and Q we have utilized the mean 
centres of the energy levels as given by equation 2. 

Bose et al (1957) have studied the temperature variation of A-K = (K\\—Ki) 
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for K 2 Cu(R 04 ) 2 ^>H 20 crystalH. After many trials tlu^ set of y>arametors which 
gave the best fit with the observed values of Bose ei al (1957) ar(\ 

X = -| 1460 cm ^ Q — —II enr^, and A — - 90 cm 

It must bo mentioned here that for a correct set of field parameters on(' should 
consider the temperature variation of AA’' and not tlmt of th(‘ nu‘an monumt 
(Mookherji and Mookherji, 1965 ; Noogy and Mooklierji 1965). With tlu^ above 
field parameters tlu^ energy levels are 

pg =. -9153 cm-b Fj - -H367 ( tu'I, ^ ^ ,5524 vm-\ F^ - -|-5998cm-i 
The corresponding wave functions (ecp 3) i-nd the ordcT of energy levels 
show tliat lies lowest as obtained by Polder (1042) but tlie splittings are wi<lely 
different. Taking F-^ as zero we have the enerjgy hovels as 0, (7S6), 14677 and 
15151 cm-b The tetragonal separation (F^- F^) is 474 cm- b This agrees well 
with the optical absor])tion finding (470 cm*-‘) of Mookherji and (3dionkar (1959). 
The other tetragonal separation i.e. F^—F^ ^ 786 cnr^ is significant. 

Now introducing proper spin functions and (‘alculating Ihc' spin-orbit and 
magnetic* perturbations wc^ gc^t (Polder) 



t 



F, 

11 

i F,-F,) 

• + i 

1 1 

Cl ... 

11 
, -4 

1 . 4A ) 

^ F,-FJ 

l-( 


6 “ 3 




Siibstituting tlie values of A - -S29 om-i. F,-F^ and F^-F^ tho values of 
AA' aro calculated. Tlicsc art* given in table I along witli those obs(*rved by Bose 
ft al (1957) for comparison. 


TABLE I 

Anisotropy Compared 


T‘K 

300 

200 

100 

90 

Obsorvod 

rtT2 

829 

1573 

1734 

Oaloulatofl 

595 

840 

1574 

1738 


Tho fit may be considered as satisfactory in view of the fact that the tetra- 
gonal part of the field has been taken to be tho same at all the temporaturos. 
Thermal expansion of the crystal will probably change this part of the field and 
hence no single suitable set of tetragonal field parameters will be able to provide 
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an exact fit botli at room and at low' tcTuperatiires. Moreover the finding of 
Bagguley and Griffitfi sIkjw that above 150 °^l the field has an appreciable 
riiombic (lomponont. Tiu> variation of the setting angle with temperature 
indicates thi^ variation of tetragonal field parameters, it does not indicate 
th(‘ magnitude of the tetragonal part (Bose e/ al^ 1961) ; Mookherji and 
Matliur, 1965). 

EFFECT OF MAGNETIC DILUTION 

Paramagnetic resonance data (Bagguley and Griffiths, 1952) show^ that for 
K2 Cu(S 04)26 Hj >0 diluted with the corresponding zinc Tutton salt (Cu++ less than 
\%) K\\ becomes smaller than at 3(M)“K and reverse is the case at 90”K; conse- 
quently the tetragonal field coeffi(;ients will change sign in this diluted salt. Ac- 
cording to Van Vleck (1958) this change of sign wdll (effect an inversion of the tetra- 
gonal stark levels. 

Introducing this change of sign of Q' and A* in equation (1) and treating 
the (;rystal field perturbation as before we find that the form of the secular 
matrix is the same as before but the values of Af^ and B are different. 

Taking K — 1689 cm ^ and using the same tetragonal field parameters of CuKg 
(804)a6H20 crystal (undiluted) the energy levels are given by 

== - 6A~ 4.4-39 -- -9687 cm-^ 

- -f4^-4.4449 -- +7036 cm-i 

F^ -I 4A^-| 2A -29 - +6562 cm-i 

F^ ^ -6A:+44+39- -10473 cm-i 

The corresponding wave functions remain the same as given by equation (3). 
Thus F^ now lies low^est and ^’4 is higher than F^ showing an inversion of tetragonal 
stark levels with (iiange of sign of the tetragonal field coefficients Q' and A\ 

Taking the lowest as zero the energy levels are 0, (786), (17035), (17509) cm 
The tetragonal separation 474 t*m^^ in this case also cm“^, is expected as the 
percentage anisotropy of both the undiluted and diluted salt is ( 34%) the same. 

When spin functions a and /? correspomling to the components J 

with respect to 2-axis are introduced the ground state ] 0> is still doubly degenerate. 
These two states |0, \> and |0, — | > are modified by the spin orbit coupling 
the first order as follows : 
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The degeneracy of these two states are lifted by the external magnetic field. 
On carrying out magnetic field perturbation calculations we get using the ell- 
known formula of Van Vleck, 


An 


KT 


and ill 


KT L 


1 - 


U 1- , 


Hence 


A„- Ai 


N/r^ r 

KT L 



JM \«] _ 
n- Ai/ J A, -F, 


Thus in this case Ax becomes greater than An since A is lu^galivt*. The v'^alues of 
(ATx-Aii) arc calculated and are includtHl in Table 11 along with tlu* observed 
values of Mooklmrji and Lai (I9fi5) for a crystal 2Kjj(0u. Zn )(S 04 ) 2 fiH 20 in which 
the amount of Cu++ ion is 0.81%. 


TABLE JI 

Magneth* anisc)troi)y of diluted .salt compared 


T K 

300 

200 

140 

100 

00 

ObHorvod 

470 

001 

iOOS 

ir>45 

- 1734 

(/Cx -ifnllOo 

(^ulciilalcd 

482 

078 

030 

1207 

-1740 


Tlie fit is satisfactory tixcc‘})t at lOO' K considering tlic iK'glcct of variation of 
till! field parameters .-1. Q w'iti) temperature. Tims tl)e s('< of tetragonal fit'ld 
parameters which explain the magneti<' l)ehavior of tht' undilute^l salt can exidain 
also that of the diluted salt eontaining O.Sl% of Cu" ion with their signs 
changed in the potential 1 unction 

S V H3 ( ' 1’ J< () S (M.) P 1 (’ S P L 1 T T J N (i F A (’ T O H 

Ahragam and PryiiO (1!15I) have ealeiilatod tlie spectroscopic splitting factor 
g for Cii++ ion in the unrliluted salt iineer the iiifluem-e of a crystal Held which is 
predominantly cubic in symmetry and over which is uperimposed a small tetra- 
gonal component. For directions parallel and perpendicular to the tetragonal 
axis neglecting the sijjuare and product terms we have 


(fll ^ 2- 


8A 

F4-F3 


and Sfx = 2— 


2A 

F,-t\ 


Using the values o£ (F^-Fs) and (F,~F,) as deflucod from magnetic aniso- 
tropy data we get 

gw = 2.46 and g^ = 2.11 

These compare well with observed values (7|| -= 2.45 and gx = 2.05 (Bleaney 
et at, 1949). 
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Nf»w coming to tho case of diluted crystal of 2K2(Cu Zn)(S 04 ) 26 H 20 having 
loss than 1 % of Cu++ ion, sfy and gi as calculated by Bagguloy and Griffiths (1952) 
are given by. 


.911 - 2.0 and = 

Substituting for i'V as dccuced from magnetic anisotropy data gives (/n - 2.0 
and j/i - 2 2!>. These ccjiiifiarc favouraldy with [)araniagjietic nisoiiance data 
(2.05 and 2.26). 

Further improvement on the theory including covalency factors is in j)rogress 
in this laboratory. 

We are thankful to Di'. 1). Neogy, Pool Offiisir, to Messrs T. Mookherji and 
S. P. Cliachra, lleseareh Scholars of thh Laboratory for their heljrful discussions. 
Thanks are also due to Professor A. Bosti, G.Se.. F.N.I. for helpful suggestions. 

One of us (S.B) is grateful to the U.G.O. for the. grant of a res(»areh scholarshi}). 
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ABSTRACT. Tho infrared spectra of each of par$fluoro., and ortho-, mota- aiul para- 
rhlorotoluone m tho vapour and liquid states and in soltttion lia\o boon rocordod on tho !>simo 
chart in order to find any (‘hangoa which inay take phico in the spectra with thf' cliHnge ot 
phase It has boon observed that some of tho bands gilren by 'the t‘(nu[)ounds in tho vapour 
statu excopting orthochlorotoluono are absent in tlie spectra due to Ihe compounds in the 
liquid state. It has been coiicliidod that formation of dimers in some ])erceiitiiges ol the 
molecules takes place even in t'ho vajiour phase of thi'se three compounds. Orthochloro 
toluene dotvs not show such changes 

From a comparison of tho infrared freiiuoncies with the liaman frequejn'icM of ilie 
compoiuids in the liquid state assigniiients of the frc(iuonci<\s have been made Jt has bi'cn 
pointed out that some of the assigniueuts made hy previous workers need revision in view 
of t.he fact that the observed infrared bands cannot be explained satisfactorily by the ea-rUei 
assignments. 

I N T R O P U ivr 1 O N 

The infrared spectra of a very largo nuiiibt'r ol tuoiio- and disubstituted bon- 
zenes were investigatud proviously })y many w'orkm wlu) us(m 1 mostly solutions 
of the compounds in suitable solvonts Itoeeutly. tiu' present aiitliors juunted 
out (Sirkar et al., J9<)4) that tlie 8{K!clra of Huoro-. ehku-o-. bromo- and iodoben- 
zone in the vapur state show arlditional bands w hicli are absent in the sjH'ctra of 
the (compounds in the liquid state. It was coiielmltMl from a (•omj)arison of tlu>. 
spectra of eAeh of these eoiupounds in tiuf two states tliat })arti!il inlernioJef ular 
as.soeiation takes plane in all these compounds even in tlie vajiour slate and the 
penumtage of the associated molccukiS increases when the vapours are iKpielied. 
A comparison of those spectra wdth the Hainan spiwtra of the substances in the 
liquid state was found to he helpful in assigning the frequencies to different modes 
of vibration of tho molecules. 

Disiihstitutod benzenes in whicdi one of tho substituents is a halogen atom 
are expected to exliibit such association in the liciuid static. The spectra of chloro- 
toluenes in the vapour state wore not studied by any previous worker and although 
those of fluorotoluenes were studied both in liquid and vapour states by Thompson 
and Temple (1948) the significance of the changes in tho spectra produced by the 
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(ihango of the state was not discussed by those authors. Hence, the present in- 
vestigation on the infrared spectra of parafluoro toluene, parachlorotolucne. ortho- 
chlorotoluene and niotaehlorotoluene in the vapour and liquid states and in solu- 
tion in carbon tetrachloride and cyclohexane was undertaken with a view" to 
finding out whotiicr the spectra reveal the evidence of intermolecular association 
and also assigning the frequencies to rlifferent modes of vibration from a comparison 
of the spectra w'ith the Raman sp(^ctra of the substances in the liquid state. 

EXPERIMENTAL 

The licpiids supplied by British Drug House and Light and Company of 
England w"ere of chemically pure quality and they wore redistilled under reduced 
pressure. The purity of th(^ liquids was tested by studying the Raman spectra. 

The infrared spectra wore ret^orded with a Ik^rkin-Elmer model 21 doable 
beam infrared spectrophotometer provided with NaCl prism. In tlie case of tlie 
pure liquid a thin film enclosed betw"een two Naf'Jl plates was used. A multiple 
ndection IdO-cm gas cell supplied by Perkin-Elmer Corporation w as used to record 
tlio infrared absor})tion spet tra of the vapours at the room temperature. In the 
cast* of till*, solution, a compensation cell was placed in the reference beam, but the 
bands appearing in the positions of the strong bands of the solvents were suppressed. 
The spectrophotometer w as (*alibrat(Hl with the help of the spe(‘trum due to a thin 
shot't of polystyrene and the corrections retpiired in observed fretpiencies in thti 
differtuit regions w"(m^ fouiul out and apjilied to get the (*orrect values of the fre- 
qiienck^s In order to find out the changes in the spectrum wdth the change from 
the vapcMir to the liquid jihase, the spectra due to the two phases of each of the 
compounds wen* re(*orded on the same chart. 

RESULTS AND DISCIISSIONR 

The spectra are niproduced in Figs. 1,2, 3 and 4 respectively. The (orrected 
values of the observed frequen(*ies are given in Tables I, TT, TTI and IV in which, 
besides the bands flue to the solutions, the Raman frequencies of the liquids 
report(‘d by yin’vious w"orkers have also been included for comparison. The 
assignments of the fn^quencies in terms of the corresponding modes of benzene 
have been given in the last column of the Tables. The results arc discussed sepa- 
rately in the following sections. 

PARAELUOROTOLUENE 

The Raman freqiKmcies of this liquid are taken frf)m Mocke-Kerkhof (1951), 
but the three frequencies 311, 5 )1 and 728 cm~^ are taken from Magat (1936). 

It can be soon frf)m Fig, 1 as well as Table I that the structure of some of the 
bands in the spectrum of the vapour changes w^hen the vapour is liquefied. In 
he spe(*trum due to the vapour there are doublets at 720, 730 cm“^; 



RELATIVE ABSORPTION — ^ RELATIVE ABSORPTION 



Fig. 2. Spectra of parachlorotoluone 
(a) Vapour 


(b) Liquid 
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Fig. 4. Spoctra of metaohlorotoluene 
(a) Vapour 


(b) Liquid 
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810, 820cm~i; 830, 840 cm*i; 1096, 1104 cm-i; 1168, 1166cm-i and 1232, 1248 
respectively, but in the corresponding positions the spectrum due to the 
liquid shows only single bands at 720, 810, 833, 1096, 1158 and 1222 cni"-^ respec- 
tively. vidently , the vapour consists of two types of moloculo s . These are probably 
the single molecules and dimers formed by intcrmolecular hydrogcm -bonding and 
the higher of the two frequencies in each doublet is the frequcuicy of the single 
molecule. The frequencies reported by Thompson and Temph' (1948) for the liquid 
differ slightly from those given in Table T. A com])arison of the s})(M*tra due to 
the vapour and the liquid reproduced in Fig. 1, lu)wover. shows that the band 
of higher frequency in each of tlie doublets ineniiontMl above is absent in the 
spectrum due to the liquid and this conclusion is not afftHded l>y any small error 
in calibration of the spectrophotometer which is lass than 2 cm“^ in the region 610 
-1200 


TABLE I 


Parafluorotol iiene 

Raman Infrared freqnoncioa in cm-i Assignment 

fn^quezicioa — — — — ^ — (cornwpond- 

(Iiquid) Vapour liquid S()ln. in Soln. in ir modes of 

A,, in cm-i C(5l4 eyedohoxano ^V1T«) 


311 (0)* 

338 (3), dp 
453 (3). p 

501 (0.6)» 

636 (2), dp 
693 (0), p 



728 (1)* 

720 (8) 

730 (8) 

720 (s) 


810 (8) 

810 (vs) 

824 (6n), p 

820 (h) 

830 (8) 

833 (m) 

841 (3), p 

1001 (0), p 

840 (w) 

847 (w) 

928 (m) 

1015 (m) 
1025 (m) 

1032 (w) 

1016 (vw) 


1095 (8) 

1096 (m) 

1167 (D.J) 

1104 (8) 

1168 (s) 

1166 (s) 

1168 (m) 


11 

10 B 
6 A 
18 B 



716 (10) 

6B 

3(?) 

805 (m) 

730 (m) 

9 B 

816 (V8) 

817 (VB) 

12 

838 (m) 

838 (m) 

10 A 


1015 (w) 

1 

18 A 
17 A 


1030 (w) 


1090 (vw) 



1098 (w) 


19 A 

1160 (m) 


9 A 
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TABLK I (dcmtd.) 


Ramaxi Infraro(J froqueAnies in cm”i Assignment 

froqueju'ios — (correspond - 

(liquid) Vapour Liquid Soln. in Soln. in ingmodeso 

Ay m oin“i 00)4 cyclohexane OflHo) 


1211 (3b), 





1222 

(vw) 




1232 

(VB) 




1248 

(vs) 

1297 

(0), 


1292 

(w) 




1378 

(vw) 

1383 

(1), 

V 






1390 

(m) 




1415 

(vvw) 




1429 

(m) 

1453 

(0). 

dp 






1468 

(vw) 




1505 

(vs) 




1516 

(«) 




1528 

(H) 




1584 

(w) 

1599 

(1) 


1598 

(m) 




1612 

(vs) 

1615 

(1) 







1622 

(8) 




1632 

(m) 




1735 

(w) 




1742 

(w) 




1752 

(m) 




1870 

(tn) 




1880 

(m) 




1978 

(w) 




2085 

(vw) 




2400 

(vw) 


1210 (vw) 

1222 (vs) 

1230 (vs) 

1200 fvw) 

1378 (w) 

1415 (w) 


1505 (vs) 1505 (vs) 


1586 (w) 

1600 (m) 1602 (m) 

1608 (m) 1610 (w) 


1865 (m) 1865 (vw) 

1875 (TO) 1875 (vw) 


1216 (vw) 

2 

1232 (vs) 

20 A 


13 


CHs bending 



CHs bending 

1616 (s) 

19 B 

1595 (ww) 

8 A 

1610 (w,b) 

8B 


2465 (vw) 

2739 (0) 

2750 (\ny) 



2860 (vw) 

2860 (m) 




2872 (3) 

2890 (m) 

2885 (m) 





2900 (s) 

2900 (TO) 




2926 (3) 

2930 (vw) 

2930 (B) 



CHs valentse 


2940 (vs) 

2960 (vB) 
3020 (s) 

2960 (w) 





3030 (s) 

3030 (a) 

3030 (m) 

3030 (m) 


3048 (7) 

3040 (s) 

3040 (vw) 



7B 

3073 (9) 

3075 (m) 

3075 (w) 

3070 (vw) 

3070 (vw) 

20 3^2' 

3207 (0) 

3115 (m) 
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The frequency 841 cm“^ has been assigned to a mode corresponding to the 
breathing vibration of benzene. This frequency has been assigned by Meeke- 
Kerkhof (1951) to C-F valence oscillations, but the fact that tlio corresponding 
infrared band is extremely weak shcjws that such an assignment is not correct. 
The frequency of the mode in tlie singlt‘ molecule is S47 cm "^ as simvvn l)y tlie 
weak infrared band. The assignment of the frequency 1095 enr ^ of the li(pud 
to mode No. 19A (Pitzer and Scott, 1948) is in accordance with such an assignment 
made in the cast', of similar molecules by Mecke-Kerkhof (1951), Tht‘, Jlaman 
lino 1211 cm ' of the liquid is highly polarized, but this frequency is absimt in the 
infrannl spectrum of tht^ liquid. 8o tlie mode of tiiis frequency is of synum^tric 
type and cannot bt'. assigned to Vi 2 as has been done by Mecke-Kenkliof (1051). 
Hence this frequency has been assigned to a mode similar to mode No. 2 of licnzent^ 
in whieJi tht' (%F, and (^H valence ostiQaiions take part simultam'ously 

in phase with each other. Similarly, the frequtaicy 1248 (,m“* has been assigned 
toa modt' of the single molt'cule arising from of benzene and the coiTc^sponding 
frequency in the dimer is 1222 cm *. Again, the frequency 1297 cm ^ has bt'.en 
assigned to a mode similar to Vj.^ of benzene and not to Tht* fretjuency 1908 

cm“* of the litjfuid which is assigned to modi'. of be.nzime ring has two more 
compa?uons at 1622 and 1682 cm“^ respectively in tJie case of the vapour. The 
fre.ipiency 1622 imi ^ may l)e that of the single moliMude and 1682 cm ^ may be 
due- to an alternative, cimhgiiration of the mode as suggested pn'viously (Siikar 
el aLs 1964) in the case of mono substituted bi'nzenes. The freijuiMii y 1600 cm '^ 
is assigned to vgj of the, ring, as doni' by the. aliove authors. 

As regards thi^ frequencies of (1-H valence oscillations it a])})ears that the 
strong 8080 cni' ' hand of the liquid is due to a mode different from that producing 
the strong Raman line 8048 cm“^ This line is evidently due to a n)ode similar 
to V 7 ^ of benzene which is forhkiden in tlu* infra?ed spoctrum. The band 3080 cni^* 
may tlien he due to V 20 J? lienzone in the*, dimer formed hy association, the band 
3075 em~' due to the vapour being the corresponding band of the single* imJeeule. 
The strong Hainan line 8073 cm ’ is also produ(;ed by a mode different from Vao 
wliich IS forbidden in the Raman effect and it ajipi^ars that when }iydrogen-})onding 
takes place between tlie hydrogen atoms of the group and the fluorim? atom, as 

indicated by the change in the relative intensities of th(‘, bands 2940 and 2980 1*111 ’ 
with the change of state, the C-H vibrations in the four 0-H grf>ups of tlu? ring 
take place in accordance with the symmetry of Vg of benzem^ ami sui^h a mode 
produces the Raman lino 3073 cm" ’. 

It is therefore concluded that the vapour of parafluorotolueno is a mixture 
of single molecules and duners while the liquid consists almost whfilly of dimers. 

r A K A CH L O K O T O L U E N E 

In the case of parachlorotoluene also then* is a strong polarisc^d Raman line 
at 796 cm but the corresponding infrarwl band is w^eak, This frequency has 
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TABLE n 

ParachlorotoluenB 


Raman 
froqiioncios 
(liquid) 
in cm”! 

Vapour 

Infra red froquencies in f*in“ > 

Liquid Soln. in 

CCI 4 

Soln. in 
cyclohexane 

Assignment 
- (correspond- 
ing modes of 
CbHs) 

304 (3), dp 





10 B 

377 {U),p 





6 A 


612 (vw) 

610 (w) 





624 (m) 

020 (s) 



18 A 

635 (3), dp 

634 (w) 


630 (b) 




638 (w) 




6 B 





672 (vw) 


692 ( 0 ), dp 





9 B 


720 (vvw) 






742 (w) 

742 (w) 




796 (5). p 

796 (m) 




1 


805 (a) 

802 (vs) 


802 (h) 

12 


810 (m) 




lO’A 

H19 {Ihp 







1012 ( 8 ) 

1013 (vs) 





1020 (m) 




17 A 

1036 (!) 

1030 (vw) 

1030 (w) 





1045 (w) 

1045 (vw) 




1090 ( 6 ), p 

1088 (m) 

1088 (vs) 





1096 (vs) 




19 A 


1100 (vw) 

1106 (w) 

1106 (s) 



1176 (1) 

1172 (vw) 

1172 (w) 

1172 (ra) 

1172 (w) 

9 A 

1208 (3), p 

1208 (w) 

1208 (w) 

1206 (w) 

1208 (w) 

2 


1225 (vw) 


1225 (vvw) 






1296 (vw) 


7 A(T) 

1303 (0) 





13(?) 

1377 (2), p 


1376 (w) 

1380 (m) 


CH 3 bending 


1392 (vvw) 







1396 (w) 







1402 ( 8 ) 




1408 (w) 








1418 (vw) 




1442 (vw) 

1445 (vw) 




1452 (0), dp 

1465 (w) 


1460 (s) 


( 7 H 3 bonding 




1476 (vs) 




1490 (B) 

1490 (VB) 



19 B 


1498 (fi) 






1570 (ww) 

1672 (w) 


1675 (w) 


1696 ( 8 ),p 

1690 (w) 

1692 (w) 


1598 (w) 

8 A 


1618 (ww) 

1620 (w) 


1624 (s) 

8 B 


1628 (vw) 


1630 (b) 
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TABLE II {contd.) 


Kaman 

frequencies 

(liquid) 

Ai' in cm-i 


Infra rod frequencies in cin~i 


Assigmnoiit 

Vapour 

Liquid 

Soln. in 
(^0l4 

Soln. in 
cyclohoxaru' 

(correspond- 
Jiig inodes of 




1720 (w) 

1720 (w) 





1772 (m) 

1770 (vw) 



J880 (w) 

1890 (w) 

18HO (m) 

1890 (s) 

1 886 (s) 




2865 (m) 





2886 (m) 
2920 (vw) 

2920 (va) 

2880 fi) 



2922 (3), p , 

2940 (vs) 

2960 (vw) 

2930 |vs) 


(^Hs valence 




2970 (w) 




2986 (w) 


2990 (w) 




3010 (vw) 

3010 (vw) 




3047 (2) 

3036 (vs) 

3020 (h) 

3026 (Vs) 



3062 (4) 


30(i0 (m) 



7 B 

3070 (1) 

3080 (m) 


3070 (m) 


2 ' 






20 H 


btu^n assigned to iJie total syniinetrie viln-ation similar to of benzcaie and not. 
to C'Cl valcMK c^ oscillation alcnu* The hands Httf), 1012, lO.Th I OSS, I20S, 1400 
and 2920 enj-^ liav'^e close conijianions at SlO, 1020, 1045, JOOO, 1225. I4JKS and 2040 
cm“^ respectively in the sjiectruni due to the vapour, hut tln^se latter hands ar(‘ 
absent in the spectrum dm* to the* li(|uid, Hcmee in this case also the vapour 
(jonsists of monomeric and dimeric molcjcules, the pen e-ntage of tlje Jattcsr being 
smaller than that in the ('ase of parafluorotolueiu? in the vayiour state-. Th<* hVjuid 
seems to consist wholly of associated molecules. As in the ease of jiarafluorotolnene 
the mode has tiie frcHprency SIO cm“^ in the single molecule^ and S<l2 cm~* 
in the associated molec.ules in tlie lupiid, this frecjuem^y lieing much Iowct than 
1208 cm assigned by M(‘(*ke-Kej'khof (1051) to tJiis mode. There is no reason 
why the freipumey of this mode in this sidistituU^d molecules should be higluT 
than that in lienzene. Tlie fact that tins frequency docs not ajijiear in the Raman 
spectrum of tlu^ liquid clearly indicates the correctness of its assignment to a mode 
of the ring which is of symmetry In this case also the mode giving tlH‘. strong 
and polarized Raman line 1208 cm"^ jiroduces only a weak band in the infrarewl, 
and therefore, this frequency has been assigned to a mode similar to Vg ol’ 
benzene. The assignment of the freqiumey 1096 cni-^ to of the ring of the 
monomeric! molecule agr(*/es with tJiat of the frequency 1090 cm made by 
Mecko-Kerkhof (1951) to this mode in the Ihiuid. In this case also the change 
in the CHg frequencies with the change of phase indicates the formation of 
6 
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hydrogen bonds in the liquid. The Raman lines 3047 and 3062 em“' are to be 
assigned respeetiv-oly to and V 2 of the dimers as in the case of parafluoro- 
toluene, whiles Voo^ bas the value 3080 em~^ in the case of the single molecule 
and 3020 cm~^ in the associated molecule in the liquid. 

0 K r H O C H L o R O T 0 L U E N E 

Tlie Raman freciuencies of this liquid have been taken both from Magat (1936) 
1 1 I M(H*ke-Kerkhof (1951). A comparison of the infrared bands for the vapour 
and tile lictuid shows that except the bands at 1060 cni"^ and 1580 cm~^ all the 
otlnn* bands of high and medium strengths given by the vapour appear also in 
the sf)ectriuu of the liquid. The two bands 668 and 676 cm~^ of the vapour are 
replaci^d by a single band of intermediate frequency 672 cm~'. The band 743 
(uu * is also produced in the same way in place of the two sharp bands 740 and 745 
cm“^. Probably the interniolecular forces in the liquid make tlie components 


TABLE III 
Orthochlorotoluene 


Hama 11 


Tnira rtal frwjuoncioH in cm i 


Assignmont 
(corrospond- 
ing modt‘H of 
OaH«) 

(liquid) 

Av in cm~i 

Vapour 

Li(|ui(i 

Solii. in 

C.CU 

Soln. in 
(*yclohoxano 

166 (H),dp 





10 B 

247 (5), cfp 





10 A 

361 (3), dp 





6 A 

447 (4) 





18 H 

552 (7) 





6 B 


668 (m) 







672 (s) 




678 (6), p 

676 (m) 


674 (vs) 

676 (s) 

9 B 


695 (vw) 

695 (w) 

694 (vw) 

696 (m) 


745 (I) 

740 (s) 

743 (s) 


740 (vs) 

12 


745 (m) 






795 (vw) 





803 (4) 

800 (vw) 

800 (m) 


802 (m) 

1 



847 (vw) 




852 (0(h 










910 (vvw) 



918 (vvw) 

918 (vvw) 





930 (vvw) 

030 (m) 

933 (m) 

932 (w) 


089 (1) 

985 (vvw) 

986 (m) 

986 (w) 

986 (w) 

17 A 

1016 (0) 

1012 (vw,b) 

1012 (m) 

1012 (w) 

1010 (s) 



1038 (m) 

1036 (s) 

1038 (V8) 

1025 (m) 


1045 (8), p 




1040 (m) 



1050 (v«) 

1050 (vs) 

1050 (s) 

1050 (s) 

19 A 


1060 (8) 
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TABLE III— (con«d). 


Raman 


Infra red fn^iuenries in cm ' ' 

1 

Assipninent 













(liquid) 

Vapour 

Liquid 

Soln. in 

Soln. in 

iiijs; modes of 

in cm~i 



ecu 

cyelohexane 

C'„H„) 




1086 (vw) 

1086 (vw) 



1124 (vw) 

1124 (m) 

1120 (•) 

1127 (m) 


1132 (2) 






1156 (2) 



1152 (Vw) 


9 A 

1204 (5) 

1204 (vvw) 

1206 (w) 

1203 (ww) 

1206 (vw) 

2 

1279 (0.6) 

1278 (w,b) 

1273 (w) 

1278 (m) 


7 A 





1342 (vvw) 



1380 (vw) 

1380 (m) 

1382 fl) 

1374 (vw) 

CHa bending 




1408 (vw) 



1426 (0) 

1422 (vvw) 


1425 


CHa bending 


1442 (m) 

1440 (m) 

1442 (vs) 




1460 (w) 

1460 (m) 

1460 (tn) 




1472 (vs) 

1472 (vs) 

1470 (s) 




14S2 (vs) 

1482 (w) 





1560 (vw) 

1660 (vw) 



19 B 

1574 (3) 

1570 (vw) 

1670 (m) 


1573 (m) 

8 A 


1680 (m) 





1592 (3) 

1690 (vw) 

1590 (w) 


1594 (m) 

8 B 


1600 (vw) 








1670 (w) 

1670 (ww) 



1780 (vw,b) 


1785 (ra) 

1780 (w) 



1820 (vvw) 


1830 (w) 

1820 (vw) 





1870 (vw) 

1866 (vvw) 



J905 (vw) 


1908 (m) 

1904 (w) 



1960 (vw) 


1960 (m) 

1950 (w) 


2859 (0) 

2860 (vw) 

2866 (vw) 







2870 (m) 




2880 (w) 

2880 (w) 




2926 (5) 

2930 (m) 

2930 (h) 


2930 (m) 

CHa valoneet 




2940 (s) 


symmetric 


2960 (s) 

2960 (s) 







2960 (s) 

2960 (m) 



2970 (s) 

2970 (s) 







2980 (m) 

2980 (m) 

('II 3 valence 






asymmetric 






7 B 

3013 (0) 








3026 (w) 

3020 (w) 

3020 (vw) 



3040 (w) 







3066 (s) 

3066 (vs) 

3065 (vs) 

20 B 

3062 (7) 





2 ' 


3080 (s) 






nf the bands too broaii to be resolved. 

The disappearance of the bands lObb cm * 

and 1580 cm" 

-1 is, however, of different nature. It seems that each of these modes 



548 7). K. Mukherjee, P. K. Bishui and 8. C. Sirkar 


has two altoriiativf^ (tonfigiirations in the vapoui* but one of tliest*. cannot take 
filacc it) th(‘ li(jui(] So, it is concluded that the vapour consists of single molecules 
and in the liquid also the interinol(‘cular forces arc too w(^ak to chang(i the frcajuon- 
cics apprciciahly. The frequencies of OH 3 valences oscillations also remain un- 
(‘hanged with the change of state, which shows that no hydrogen bond is formed 
in this case through the OH 3 group. 

In assigning the Raman fn^quencies in the region 100 cm“^ to 600 cm'^ the 
(»xpe(d(Ml cliango of frequency of vibrati(»n with su>) 8 titution has been chosen as 
tlu^ guiding factor. The two lines 247 cm~^ and 166 cm”^ are depolarised and 
v(u*y intense. So, th(\v have been assigned to modes similar to and v,o/j of 
l)(*nz('n(* in which the displac’ements are perpendicular to th(» plane* of symmetry. 
Similarly, tlie linos 552 cm"^ and 361 cm ^ have been assigned respectively to 
modes similar to and of btmzene, b(M‘ause tin* frequency of the former mode 
should be largir than that of the latter mode. The line 447 cm is evidently 
due to an in-plant‘- vibration and has been assignc^l to In place of the strong 

and ]>olarjs(^d Raman line 678 em~^ there is a strong infra-red band. So tin* 
corresponding mode is derived from a eentro-symnu^tric mode of bcnzen(^ and 
Vgj 5 has b(^en chosen for this fre(|ue*ney. In either tlie chlorine atom or 
the CH 3 group may remain at re.st and tliis may give rise to two diffcTont 
frequencies. The Raman lines 1156 (mi”’ and 1132 cm have boon assigned to 
those two alternative configurations. In tlie sp(*ctrum of th(^ licpiid there is a 
strong Raman lino 1045 cn“’ and a strong infrared band at 1050 em~b This is 
assigned to a mode similar to Vig^ of benzom*. As in the previous two cases, 
the strong Raman line 1204 cm is due to a mode derived from a symmetric 
mode of benzene and therefore it has been assigned to Vg. 

It is found that the frequemuos of the bands due to OH 3 valence oscillation 
remain unchanged with the (dmnge from va]H)ur to the liquid phase, hut the bands 
3080 cm~^ and 3040 (!m“^ due to C-H valence oscillation of the benzene ring shift 
respectively to 3055 cm and 3025 cm with liquefacition of the vapour. These 
two hands can be assigned to modes similar to V 20 B benzene respec- 

tively and it seems that such oscillations can take place even when one of the four 
C-H groups is substituted by a CX group. The shift may be due to influence of 
dielectric constant of the liquid, because even in the solutions such a shift takes 
place. The Raman line 3062 cm~^ is also due to a vibration in which symmetric 
C-H valeiKJe oscillation takes place in two diametrically opposite C-H groups. 

METACHLOBOTOLITENE 

The Raman frequencies of the liquid included in Table IV are taken from 
the data reported by Biswas (1955). A comparison of the infrared bands due to 
the vapour with those due to the liquid shows that the bands at 774, 854, 859, 
1082, 1100, 1482 and 3080 cm“^ produced by the vapour are absent in the spectrum 
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TABLE TV 

MelaclilorotoliJone 


Raman 


Infniml fiN'tiinMicioH in cm-J 


ARRipnmont 

froquencioH 



. _ . 



- - - 

(corrnHpond- 

(liquid) 

Vapour 

Lupiid 

Soil! in 

Soil! in. 

ing modoH of 

Av in om“i 



(Vli 

cyflohoxano 

CJlo) 

187 (5), dp 





10 B 

222 (5), dp 





10 A' 

247 (5), dp 





10 A 

304 (1), p 





18 B 

410 (7), p 





0 A 

.522 (6), /) 





0 B 


070 (w) 


> 




670 (b) 

070 (vr) 

070 (v») 



083 (7), p 

082 (xn) 



080 (vr) 



087 (w) 




9B 





745 (vw) 



708 (w) 






703 (w) 






768 (\^) 

708 (vr) 

770 (vfl) 

700 (vs) 


nri (2) 

774 (m) 



772 (w) 

12 





770 (m) 



850 (m) 

851 (vr) 

850 (b) 




854 (s) 






850 (fl) 


850 (vw) 



801 (3), p 





18 A 



803 (m) 





804 (m) 





884 (0) 








800 (vw) 

800 (s) 



048 (0) 









083 (m) 

088 (h) 



000 (w) 

01)2 (w) 




008 (10), p 





1 

1042 (1) 

1030 (vw) 

1030 (vw) 

1030 (s) 




1075 (h) 

1074 (r) 

1072 (vr) 

1074 (vr) 


1077 (4),;? 







1082 (m) 



1080 (m) 

10 A 

1102 (2) 

1005 (m) 

1005 (m) 

1094 (vfl) 

1095 (w) 

0 A' 


1100 (w) 





1160 (2) 

1100 (vvw) 

1100 (w) 

1102 (r) 

1102 (r) 

9 A 




1200 (m) 







1200 (m) 


1209 (1) 

1210 (m) 


1210 (m) 


7 A 

1219 (4). p 

1215 (w) 

1215 (m) 


1215 (vr) 

2 




1292 (vw) 






1330 (vvw) 






1378 (vw) 
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TABLE lV—{(contd). 


Jlurnun Infrared frecjuencies in f*m~i Assignment 


fnHjuonrios 


(liquid) 
in rm~i 

Vapour 

Liquid 

1383 

( 2 ). 7> 

1385 

(vvw) 





1430 

(m) 





1450 

(VW) 

1450 

(w) 



1465 

(w) 

1462 

(vw) 



1475 

(H) 

1473 

(V8) 



1482 

(m) 





1490 

(vw) 

1490 

(vw) 



1570 

(w) 

1570 

(m) 

1574 

(3), ilf> 

1575 

(w) 





1582 

(m) 







1592 

(«) 



1598 

(vs) 



1601 

(4). d!?. 

1607 

(w) 







2840 

(vw) 

2862 

( 2 ) 

2860 

(w) 





2905 

(vw) 

2902 

(m) 

2962 

(fib), p 

2925 

(«) 

2925 

(vw) 



2955 

(vvw) 

2950 

(vw) 



3000 

(vw) 

3000 

(w) 



3020 

(m) 

3020 

(m) 



3050 

(m) 

,3050 

(vvw) 

3062 

( 10 b), p 







3080 

(w) 




Soln. in 
OCI 4 

Sobi. m 
cyclohexane 

(correspond- 
ing modes of 
OflHg) 

1385 (vw) 


CHfi bending 

1400 (m) 
1420 (m) 
1450 (vs) 
1462 (w) 
1475 (h) 


19 B 

1492 (vw) 
1570 (m) 

1580 (s) 

8 A 

1592 (vs) 

1598 (m) 

1606 (s) 

8 13 

1940 (m) 

1940 (m) 


2865 (m) 

2930 (vs) 


(/H 3 valenci' 

2955 (w) 



2980 (w) 
3025 (s) 
3050 (s) 

3080 (w) 


2' & 7 A' 

20 B 


of tho liquid. Those are weaker cojiipanions of the adjacent strong bands. Thi‘. 
disappearatuu* of these weaker bands shows that probably they are due to the 
small porcentage of tlio single molecules present in the vapour and that in the liquid 
almost all the mok^ciiles are dimers formed by inti^rmoleeular association. 

The Raman lines 99S, 1219 and 1209 have boon assigned respectively 
to mode,s similar to v,, Vg and V 7 ^ of benzene. The lino 1077 (*m~^ is re- 
presented by a strong band in the infrared spectrum and therefore it has been 
assigned to The assignment of this frequency agrees with that made by 

Mecke-Kerkhof (1951), but it disagrees vdth the assignment made by Katritzky 
and Simmons (1959) who assume tho frequency of in this case to be 
1476 cm"b Tn the case of parachlorotoluene also they have made similar 
assumption. The Raman line 1102 cm"^ may bo due to an alternative configu- 
ration of Vg^ in which the OHj, group remains at rest. 

The frequencies of CH 3 valence oscillations seem to remain unaltered with the 
change of phase in this case, but the relative intensities of some of the bands due 
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to CH 3 and C-H oscillations undergo romarkablo changes. Thus, the bands 
2925 cm~' and 3050 cm-^ becemo very weak and the bands 2902 cm~* and 
3020 (!m“^ become stronger when the vapour is liquefied. The frccputncy 3020 
cm“^ may be that of the dimeric molecule in tlie liquid. The Raman line 3062 
(!m"‘ is evidently duo to a mode diffi^rent from that producing the infrared band 
3020 cm“^ and it may bo due to syjnmetric valence oscillation in two dime- 
trioally opposite C-H groups. Such an oscillation is possible both in V 2 and Vjjj 
with the same frequency and thercfori' this Raman line has boon assignod to 
two such inodes ilcsignatod as Vj and 

As r(>gards the Raman lines in the region 180-600 (un~' it is significant that in 
])lace of the two dc])olari 8 od lines 247 and Ififioltr' dut^ to orthochlorotolueno, 
tlire(‘ depolarised linos at 247, 222 and 187 cm ' are givtui by metacblorotolueiu'. 
The frequency 247 cm * is assignerl to a mode’' corresponding to Vj#,! in which 
the chlorine atom remains at rest. When the CHj group remains at rest in a 
similar mode (marked lOA' in Table IV) the frequency is lowered and the line 
227 cm~* may be due to siu'h a uuhIc. In the case of orthochlorotolucnc' also 
such an alternative mode would be expected, but probaly tlie two components 
produce* a broad l)and and are not resolved from eacli otlier. 
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LOW ENERGY SCATTERING OF ELECTRON BY HELIUM 
ATOM BY THE VARIATIONAL METHOD 

SATYA NARAYAN BANERJEE, RAMESHWAR JHA and N. C. SIL 

Dkpaktmknt of Theoretical Physics, 

Indian Association for the Cultivation or Scjience, Jadavpitk, Oalcutta-32. 

(Received September 14, 19(55). 

The elastic scattering cross section of eh^ctrons by jieliun) is beJiig investigatcHl 
for such low energy of the incident electron when only *V-w av(‘. phase shift netKis 
to b(^ considered. We apply tlie variation method of Hulthen with an o])en shell 
wave function and with a })olari55atioii term in th(^ potential to takt^ into accoinii 
the distortion of the helium charge cloud due to th(‘ pre>-.enoe of the incident 
electron. Further the excJiange effo(*t due to the indistinguishability of tlu elec- 
trons has been includcvl. 

The systeni of helium atom and th(‘. incident elec^tron satisfies the wave e(pia- 

tion 

--- d ... (1) 

where H is the total Hamiltonian and E the energy cf tlio system, and rj 
are the distances of the tJectrons from the nucleus. To include ex(*,hange tdleet 
we ch(X)se ^ in the following way 

'Kh, fj, rj) = \lr^(r^. r^) F(r^) - ^ (a, 

Vi 

+ ^a) — i (a8Aa~3/^2K 

Vi 

Vi 

* On leave from C. M. College, Darbhanga, Bihar University. 
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... ( 2 ) 
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where a'® and fi'a are the spin functions in the iisual notation F{r) is the wave 
function of the free electron and is the ground state wave function of the helium 
atom which is taken as (cf. Shull and Lowdin, 1956). 


lJ^o{»-i.»-2)--708991ao-*/* e 


2.1832- -1.1886 *'*. -1.1886 -2.1832 

«o no -f e Ofl Oo 


Oq, being the Bohr-radius. 


Substituting expression (2) for f in(l), multiplying bv ' (Ui/i,- aMus 

‘Vi 

i'oih' »‘ 2 )> summing over the spin co-ordinates and integrating with respect to r, 
and (Mukhorjee and Sil, 1962) wo get an integro^ifferential equation for F{r^). 

Wo have obtained from the above equation the S-wave phase-shift by the 
variational method of Hulthen (1944) adopted by IMtoiseiwitsch (195.3) for a similar 
calculation with a different wave function and without the polarisation term. 
To include the long range polarisation effect the direct interacition term has been 
modified as in the work of Williamson and McDowell (196.5) by the addition of a 


polarisation potential — 


afr) 

fi 


where a(r) as given by Bethe (1943) has the following 


properties ; 


a(r) -> a = 1.32a*o ; a(r) -> ^r*+0(r’) 

00 0 

The calculated value of the S-wave phase shift at 13.6 ev incident electron 
energy is 2.108 radians whereas the corresponding theoretical value of Williamson 
and McDowell who solved the coupled integro-differential equation numerically 
is 1 .963 radians. Further work is in progress. 
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BOOK REVIEW 


INTRODUCTION TO PHYSICS— A. Kitaigorotlsky; Foreign Languages Publi- 

shing House, Moscow; 720 pages. Translated from Russian by 0. Smith. 

The book is meant for those who after leaving the secondary school have taken 
up engineering as their subject of study. It covers the entire field of Physics 
except those which are taught in high schools. The book is divided into three 
main parts. Part one deals with mechanical and thermal motion and includes 
in it the fundamental laws of mechanics, mechanical energy, momentum, rotation 
of a rigid body, vibrations, travelling and standing waves, accoustics, temperature 
and lieat, thermodynamic processes and entropy, kinetic theory of gases and 
processes of transition to equilibrium. Part two deals with electromagnetic fields 
whicli includes electric and magnetic fields, electromagnetic fields, energy trans- 
formation in electromagnetic fields, electromagnetic radiation, phenomena of 
interfonmce and scattering, diffraction of X-rays by crystals, double refraction, 
theory of relativity and the quantum nature of a field. The third part deals with 
structure and properties of matter and includes in it motion of charged particles, 
wave properties of microparticles, atomic structure, molecules, atomic nuclei, 
nuclear transformations, atomic structure of bodies, phase transformations, de- 
formation of bodies, dielectrics, magnetic substances and effect of electronic struc- 
ture on properties of bodies. The book thus covers practicially the w'hole of Physics 
and the different basic aspects of it have bwn developed in a fairly logical sequence. 
But attempt has nowhere been made to make the treatments of difforont .sub- 
jects exhaustive obviously because it is not meant for students of Physics degree 
course. Experimental physics and the historical development of different physical 
ideas have also not been considered in this book. The omission was intentional 
because firstly the author feels that in understanding of the modcirn techniques 
employed for an experiment in any branch of physics, knowledge of practically 
all the branches of physics is required and in consequence, ‘experimental physics 
can not be subdivided’ but should bo treated as a seperate subject; secondly since 
the book is not meant for those who want to be physicists inclusion of historical 
development was thought to be unnecessary. Inspite of the omissions the basic 
physical ideas of the different branches have been explained in sufficiently clear 
and concise language. The book is undoubtedly a useful text book for students 
of the engineering degree courses and a helpful book for subsidiary reading by the 
students of physics honours courses. 


A.K.D. 
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EFFECT OF ANHARMONICITY ON THE THERMO- 
DYNAMIC BEHAVIOUR OF A SOLID 
D. N. SINGH 

Depabtmsnt ojp Physios, Soienob jpoLLSOB, Patna-5. 

(Received June 22, |964). 

ABSTRACT. A method is suggested, to take inib account the effect of anharmonicity 
on the thermodynamic functions, in a temperature rangl where quantum effects are important. 
Expressions for the Gibb’s function O and the specific hejikt at constant pressure Cp are deduced 
for a simple model of a solid. Those results reduce the well known classical expressions 
in the limit of high temperatures. 

INTRODUCTION 

Much work has been done (Born, 1939, 1943; Bradburn, 1943; Dugdalo and 
MacDonald, 1964) about the role of the anharmonic terns in the potential energy 
on the thermodynamic properties of solids at high temperatures’. A term lin(?ar 
in temperature, occurs in the specific heat of a sohd at high temperatures (Peictrls, 
1955; Leibfried, 1955) due to this. 

The influence of anhamonicity in the temperature range where quantum 
effects are significant, has not been considered in a logical way. Stem (1967) 
after developing the whole theory classically, replaces 31? by ZR,F(0jT) in the end, 
where F is the Debye function, a? a first factor in the specific heat Vp of an an- 
harmonic solid. It tells only a part of the story and is incomplete in its develop- 
ment from the quantum point of view. 

In the following, first a general formulation of the quantuhi mechanical thonuo- 
dynamic perturbation theory (Landau and Lifshitz, S. M., 1958) is given. It is 
then applied to a model of a solid, to arrive at the expressions for the Gibb’s fim(j- 
tion Q and the specific heat at constant pressure Cp, In the end it is shown that 
this gives the correct expression for the specific heat at high temperatures. 

GENERAL FORMULATION 

The partition function at (constant pressure, Q when are the energy eigen 
values of the system, is given by, 

( 1 ) 

n - . . 
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The energy eigen levels of the perturbed system, using quantum perturba- 
tion theory up to socond-orcier corrections are, 






= £„«+ AV+if«* ... (2) 

where E„^ are the unperturbed energy levels and E^^ and E„* are the 1st- and 
2nd- order corrections due to the perturbing potential V. 

The condition for the vaUdity of the quantum pertur tion theory i.e. 
I I < < 1 E„^-E„o I is assumed. 

Subfe'titutiiig (2) in (1), 

n 

n 

-r.c-EW>lhT r ,_(.ff»^+AV)j 

~n - kT ^ - 

(noglecting^higher order terms of the expansion). 

The condition for the applicability of this expansion being that {E^-\-E^) 
«kT where the perturbation energy is per particle. Hence the partition 
function, 


Q =z I 14 


1 


{j. 

S e—E^ofkT " ' ■ 

n 




■ BnOIkT 


kT 




Qq being the partition function for the unperturbed system. 

The equilibrium condition of the system which determines the coefiScients 
of tlie potential energy is defined at constant pressure and not at constant volume 
as is usually done (Stern, 1958). This accounts for calling Q, the partition function 
at constant pressure, Avhic h gives the Gibb’s function G tlirough the relation 
e-OlkT == Q. 
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Taking the logarithms of both sides of (3), multiplying by — ArT and using the 
expansion In (1-1-y) = y—y*j'2 (neglecting higher order terms), 

Q= -hTlnQ 


2 L » jfcr I ^ ^ 2fcT J J 

= G„+ S e(<3c-EnO)lkT . I 


+ 



2 e^Oc-En0)lkT . f 


2 * 2 ’ J J 


whore Oq is the Gibb’s function for the unperturbed system. 

As wo are interested only in tho 1st- and 2nd- order changes in the energy and 
the thermodynamic functions, (l)ocause we have only Ist- and 2nd- order correc- 
tions in the energy levels), G in that approximation becomes, 


O = Go+S f {E„^+E„^)- 

n t 


2*2’ J 


J_ [s ,{Go-EnO)lkT,E„^ 

2kTV„ 


=(?«+S eiOo-E„«)lkT . E„i)- 


1. 2 . (*; 1)2 
2*T - ' 


+ 2*T ... (4) 

THERMODYNAMIC FUNCTIONS 
FOR A SIMPLE MODEL 

For the model of a solid, it is considered as a collection of 3N linear anharmonic 
oscillators having the same frequency. N is the total number of atoms in the 
solid. The characteristic frequency <o is the Einstein frequency related to the 
cbAracteristic temperature 6 by the relation %v> — kd, 
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The Hamiltonian of a linear anharmonic oscillator, including cubic and 
quartic terms in displacement X can be written as, 

... ( 6 ) 

whore ZTq = (p®/2m+l/2aX2) is the unperturbed (Harmonic) Hamiltonian and 
V = (6X®+cX*) is the perturbing potential. 

The perturbed energy levels of such a perturbed system, using quantum 
mechanical perturbation theory, is the well known (Landau and Lifshitz, Q. M., 
1958) result, 


(”+| )*“+«■ I (")’|2«H2»+1) 




The contribution to the 2nd-order correction has been considered only from 
the cubic term but not from the quartic terra. 

Having known the energy levels of the perturbed oscillator one can calculate 
the thermodynamic functions making use of the general formula (4). In the 
general notation, 


aand 



... (7) 


As in the perturbed energy levels E^, the contribution of cX^ in the second order 
perturbation is not considered (which would have given otherwise, a term multi- 
plied by c*) for a consistent approximation the last two terms of (4) are dropped. 
The expression for 0 (per oscillator) becomes then from (4), 
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which on putting and from (7) and collecting terms in powers of n reduces 

to, 




-A 


G = [s ^ + S ne~ " ] 


+5 . 


z 

ft 


e 


n 


few 

ifcT 


putting 


fe(o _ 


= Oo+^ ^^^0-in<^)l1cT . [2^2 e-n®_^2 n 

n n 



= O'o+^ • 


... ( 8 ) 


The primes on / denote differentiation \^ith respect to x. The coefficients 
A and B, and the function / {x) are, 



-1 — 
\ mo) 

) 1 

f fe_\3 
i mci/ 



ta 

II 

J-L 

\ mo) 1 


f fe 
i mo> / 

1 

... (9) 

/(x) = i: e 

n 


e® 





(e'-l) 

j 




With the substitution of /"(a:) and/'(a:) of the function /(a:), defined in (9), the ex- 
pression for 0 in (8) takes the form, 

» = «o+2^--(^jrTjr+^ - 

Having obtained the expression for the Gibb’s function Q, the specific heat at 
constant pressure (per oscillator) can bo calculated using the formula, 



\ , 44 Mef+e^) 2A . » «(e»+4e«*H-e**U 

^ I dW/p r ■ (e«-l)» T 
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I 4^4 


(e*-l)» 


2^ a;V+4e2*+e»*) ni\ 

!r ’ ’*■ ^ ^ 

This is the expression for the specific lieat at constant pressure (per oscil- 
lator). 

Equations (10) and (11) give the Gibb s function Q and the specific heat Cp 
for each oscillator or mode of vibration of the solid. For the model of the solid 
that is used here, to know O and Cp for the whole solid one has to multiply the 
expressions (10) and (11) by 3JV. It lias aln^ady been mentioned earlier that the 
angular frequency co is the characteristic (Einstein) frequency, related to the cha- 
racteristic temperature d by the relation freo ~ W, 

To see whether tlie above development is on the right lines, one can take the 
limiting form of Cp at high temporaturt^s i.o. when JcT >> Uoi and compare the 
result with the classical expression. In this limit (a:<<l), 


G/* = fc- 


44 

f 


1 


putting 


X s= 


feo) 

JcT 


and the value of A from (9) 


- jfc- 


4fe^y 




CO = 




which agrees with the classical result (Peiorls, 1965). 

The validity of the above expressions (10) and (11) over a temperature range, 
is limited by the range of convergence of the quantum mechanical perturbation 
energy (2) and the range of convergence of the thermodynamic perturbation ex- 
pansion (3). The results are not expected to bo true at very low temperatures 
and that is the reason for believing that the Einstein model is good enough for the 
range of validity of the above expressions. 
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DENSITY-WAKE OF A CHARGED PARTICLE MOVING 
THROUGH A PLASMA 

SAROJ K. MAJUMDAR 
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(Received September 25, 1965) 

ABSTRACT. Tho method developed by the author m a previous paper lias been 
applied to investigate the density wake created by a moving test particle in the plasma. 
Those wakes are analysed separately for dillerent harmonics of the cyclotron frequency, 
and for small v(docity perpendicular to the applied magnetic field. It is shown that only the 
first few harmonics are important to develop the wake in the plasma. 


INTRODUCTION 

In a previous paper by tlie autlior, (Majuinclar, 1983), the shape of the wake 
of a tost particle moving through ^ilasma placed in a steady magnetic field has 
been investigated. In the present paper, we extend the calculation for a general 
motion of the test particle in the plasma. 

It is known that when we neglect the motion of plasma ions, there are three 
different wave motions in the pla.sina : one is a plasma-electron wave the two 
others are transverse o.m. M'aves as shown by Oster (1980). One of the e.m. 
waves is strongly coupled witli the plasma wave, which is a slow wave, while the 
other e.m. wave propagates freely and is a fast wave. (Allis, et al. 1962). 
In this pajier we shall investigate only qualitatively, the nature of the 
wake of the test particle on the above assumptions of two coupled slow waves and 
a fast wave. We shall employ the same set of hydrodynamic equations as has 
been done in (Majumdar, 1962). It has been shown there that the wake of the 
moving charged particle is determined solely by the nature of the wave-surface 
surrounding it. This wave surface is obtained by plotting the parallel versus 
perpendicular (to the external magnetic field) component of the wave-vector k. 
The actual wake of the moving particle, i.e. the disturbance in the plasma created 
by it in the form of density wave, is obtained by taking the polar reciprocal of the 
wave surface. If the wave surface is real, the charge density takes the form of 
a radiated wave emanating from the particle. If it is imaginary, this radiated 
wave is to be replaced by a damped density distribution around the particle. 

562 
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BASIC EQUATIONS 

Tlio motion of the electrons is represented ])y the linearised transport 

equation (Spitzer, 1956), 

together with the equation of continuity 

• M = 0 . ... ( 2 ) 

and the set of Maxwell’s equations : 

VxE = -\ f . ... (3) 

V X n^ev+ ~XVS) S(r-rj.). ... (4) 

c ot c c 

III these four equations, v and n are jKirturhatioiis in velocity and dcsnsity of 
plasma electrons, n^^ and V are the average density and average velocity, and 

CO == 

® me 

is the cyclotron frequency, Hq being the external magnetic field applied in ;tho 
Z-diroction, represented by the unit v(‘,ctor is the test j>articlc’s charges 

moving with a velocity Vo(0‘ I)oHition denoted by the i)ira(j delta- 

function d. 

Wo take Fourier transform w.r.t. space and time of the form 

f(k, c.) - n dr dl fir. 

— oo 

of all the variables in eqn.(l ) to (4), and then eliminate the quantities v> H and 
This gives us the following equation for the ekictric field in the plasma : 

«£+*( i • r-Lc**- F*J k • £) -ib (£xe.) 


—i — ® c^{k • E)(kXe2)+^7rqo}cI'Xe2'-i^7Tqcir == 0, 
€0 


where 


and 


-.-(-rT 


... ( 6 ) 


.. ( 6 ) 


2 
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is the plasma frequency. The quantity F is the source function generated by the 
moving test particle 


-uo 


(7) 


In oqn. (5) E is actually the fourier transform jB(k, w) of the electric field. Now, 
our aim is to obtain an expression for the charge density in the plasma, caused 
by the moving test particle. For this, wo take Fourier transform of Poisson’s 
equation 

y . £ — — 47rwe-f 47rg^(r— ry), ... (8) 

and combine the transform equation with cqn. (5). Wo thus obtain finally the 
following expression for the Fourier transform of the charge density : 

p(ki w) = en{k> co) = 





... (9) 

where 


+« — *k.r<|,+»W 

■to ~ / c ■* dt, 

— 00 

... (10a) 



I ±9 == J e dt , 

— O) 

... (10b) 

and 

D = 

0) 

... (11a) 


<C '.g 

II II 

(o(a*-6*)- - (a^k^-h^k^% 

CO 

7'+tOeCo/?>. 

... (11b) 

... (11c) 


In eqn. (9), tho Hubscripts p and z denote tiie component perpendicular and 
parallel to z^axis, 


= V+V; V = 

I'o* = F„/+ Fo.*; = Fo/+ 


... ( 12 ) 
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kj, = kp ros 0\ ky = kp sin 0 

= Vqp cos (a«+0); \\y ^ Vqp sin {nt+<f>) - 


and finally 


Me 


... (13) 


... (14) 


is the cyclotron frequency of the test particle. 


APPROXIMATIONS FOR LOWER HARMONICS OF 
CYCLOTRON FREQIJE NC Y 

Without any loss of generality we assume iftiat ky — 0 and ^ = 0. Lot us 
also identify the moving test particle with the plasma electrons, so that n = o>g. 
In that case, w^e can write 


where 


ih .rjj _ — Hin (0^.^— 


Using the well known expansion 


py. «in 0 ^ ^ 

n>^ -00 


we then obtain from eqns. (10), 




T" 

/ I jj = J „{z) W tOj fOf 


Using these results in eqn. (ft) and taking the inverse transform w.r.t. time, wo 
get the following expression forp: 


p(k) = e Y t l + hV„t ^ 


nuc + I'z y oz 




t— l)«c+feI^oe 


-l-cc+W c*[("+*)®+*^al7“V„(a)*;pVop ( 


Q—aci gUtp^ \ 

21) I o <= (n 


+ l)ci>f+t^Fojf 


... ( 16 ) 
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Now, for small values of Vg and large magnetic field, the quantity z given by (16) 
is much less than unity. In that ease we need to consider only lower harmonic 
terms (small n) in the above summations over n, and for all practical purposes, 
it is sufficient to keep only w = 0 and n ==^ terms. After obtaining the expres- 
sions for p(k) for n = 0 and w = ±1, we can apply the method developed in 
(Majumdar, 1963) to integrate them over the variable k and obtain expressions for 
/>(rj 0 I? il terms. In the process of doing that integration 

it is observed tfiat the wave-surfaces are given by plotting vs. kp from the 
dispersion relation 

D =: 0 

This plot, as is shown in (Majumdar, 1963), will determine the wake of the moving 
test particle in plasma. 

NATURE OF THE WAVE SURFACE 

The dispersion relation (17)is a six degn^e equation and is quite complicated. 
Wo therefore make two simplifying assumption : (i) there are one fast wave and 
two coupled slow waves, and (ii) Pc® >> Op® and F®, F^® <<c®. Theimplica- 
tions regarding these assumptions has been fully explained in (Majumdar, 1963). 
With these assumptions, eqn. (7) degenerates into two separate equations : For 
fast waves : 

(P(5®--t0®)[2ci)p®O®+£0c®6t)®— •C0fl®C®A;^®] + 0>®6)^®(PF®+6)p®~6)®) = 0, ... (18) 

and for slow waves : 

P6)2(P to^)— (P F^+ ... (19) 

As has alredy been shown in connection with eqn. (16), w in oqns. (18) and (19) 
are given by 

where w — 0, 1, 2. For n — 0, eqns. (18)) and (19) redufjc to eqns. (33) and (37) 
of (Majumdar, 1963), which is true only when the test particle is moving parallel 
to the magnetic field. Hence we come to the conclusion that for the fundamental 
frequency to = 1c the effect of the test particle on its wake is the same as if the 
particle is moving parallel to the magnetic field. 

To see the effects of the harmonics of cyclotron frequency, we put Voz “ 0 
in (20) and set to = 2) in cquns. (18) and (19). Thus in the case 

of slow waves, eqn. (19) for w = 1 reduces to the following simple form : 

V ) =0. ... (21) 

Now, it has been shown in (Majumdar, 1963) that a real wave surface means a 
radiation from the test particle^ whereas an imaginary surface denotes an attenua- 
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tod charge distribution arround the tost particle. The surface reprosentod by (21) 
is an imaginary one, ho that for oj = co^, there is no real radiation from tlio moving 
tost particle. 


Sotting now w- = 2, in oqn. (19) we obtain the following equation : 




Wp2-3to.2 


yz 


V+ ... (22) 


For 3t0p® # co/, oqn. (22) is a non-factorizablo bi-quadratic equation. To get an 
idea of the wave surface we follow the procedure developed in (Majumdar, 1963). 
We first plot fc/ vs. i:/from eqn. (22). This plot is always a hyperbola. From 
this plot, we take only tliat portion which lies m the first (quadrant (A^ > 0, V < 0), 
Then taking square-root of each point of the curve which lies on this portion, we 
may separately plot Aj^vs. kg, and thus obtain tlm real wave surface. Thus, if 


a = - ^2 (1-'>«>>/-3 €o/) 


/?- + 

then a plot of k^^ vs. k^^ of oqn. (22), will bo as shown in Fig. 1 . It can be easily 
verified from Fig. 1, that 



Fig. 1. Ajp2 vfl. kz^ plot of oqn. (22). 

= - «/) ; OB -■= V)- (24) 

Therefore, for real surface in kf, v's. k^, plot, OA and OB sliould both bo positive 
i.e., for radiative waves, we sliould have coj® > Wp®. Otherwise the wave surface 
is imaginary, and wo have only attenuated charge distribution around the test 
particle. If we approximate the AB part of the curve (which lies in the first 
quadrant) of Fig. 1, by straight lino AB, then its equation is given by 

IV , V 

OJS 04 


( 26 ) 
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ThiH equation, in kp vs. plot, represent an ellipse if OA -f- OB, and a circle, if 
OA — OB, i.e. if Swy* — In either case we have a radiated wave, cither ellipti- 
cal or, circwlar, radiating from the test particle. As explained before, when OA 
or OB has negative value, (i.e. w/ < Wp®), then this radiative wave is replaced by 
and attenuated (damped) charge distribution around the moving test particle. 
Once the wave surface around the teat particle is obtained it is now a matter of 
geometrical construction to get the constant charge-density surface. Without 
going into the mathematical details (as has been done in (Majumdar, 1963), this 
latter surface can be obtained from the i:-Kurface (wave-surface) by constructing 
to polar reciprocals. When th(f wave stirface is real, its polar reciprocal is also 
real, meaning thereby a radiated wave from the test particle. For imaginary 
polar reciprocal of the Jfc-surfaeo, the radiated wave is replaced by a damped density 
distribution around the particle. 


CONCLUSIONS 

We have discussed the wave surface only for ?? = 0, 1 and 2. The calculation 
can bo easily extended for higher values of n. For n - 1 . 2, we had to assume that 

= 0. This has been necessary to simplify the mathematical complications. 
For non-zero the wave surface is represented by a full-sixth degree equation 
which is very difficult to handle. 

The method developed here can be applied to any kind of wave propagation 
in plasma (o.g., ion-cyclotron waves, Alfrcn waves etc.) for which it is only necessary 
to obtain the dispersion relation in a suitable form. The type of investigation 
developed hero will give us the physical picture of how the charge density is asso- 
ciated with various kind of wave phenomena in magnetic plasma. 
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LIGHT ABSORPTION IN NO3 ION IN STATE 
OF SOLUTION 

PART IV.—EFFECT OF DILUTION 

A. MOOKHERJI and S. P. TANDON* 

Physical Labokatoiues, Buhdwan Univkksitv, Bukdwan, West Bengal, India. 

(li<iccivcd AuguHt 20^ 1905) 

ABSTRACT. 200 band which has biH>n assignod to an allowed transition 

of nitrate ion, exhibits blue sliift with progressive dilution in state of aqui^ous solution. This 
shift has boon attributed to liydi’ogoii bonding wliitdi jOccurs at the oxygiui atoms d(»ci*oasing 
tho electron density around oxygen atoms in the nittfrte ion. 

I N T li 0 D U C T t O N 

In part II of the present series of tlio paj)ers (Mookherji and Tandon, 1965), 
a systoiiiatie study of tho (energy, band-widtli, intemsity and stnieturc of the 2(}()m//. 
band at eoneontratiuns 10~*W of nitrate ion has been rejiorted. Evidences 
havc^ been cited for its aasignnicnt to an allowed 7r-4 tt* transition. 

Solvents are known to influence (McConnell, 1952; Stricklor, 1961; Strickler 
and Kasha, 1961) the position of tho bands of the solute. Study of the tt* 
transitions of the organic (Borawoy, 1939; Kasha, 1960; Coggeshall and Pozefsky, 
1951) and inorganic molecules (McConnell, 1962; Strickler, 1951; Strickler and 
Kasha, 1961; Meyerstein and Troinin, 1961) reveals a blue shift of the bands in 
increasing polarity solvents. Water is a strongly polar solvent abounding 
in hydrogen bonding. In state of aqueous solution the hydrogen bonding increases 
with dilution. Consequently, tlie spectral shift of tho solute is expected to increase 
with progressive dilution. Since 7r-orbitals in nitrate ion are similarly situated 
(Mookherji and Tandon, 1965) as r^-orbitals, transitions in this ion are 

expected to exhibit band shifts similar to that of ti* transitions. 

The present communication reports the study of the 200m/t band of nitrate 
ion, which has been assigned to 7r-> tt* transition (Mookherji and Tandon, 1962, 
1965), at different conccntrati()ns( ~ 10"W to 10”^J/) in state of aqueous solu- 
tion with UVISPEK sepetrophotometer. Tho results have been discussed in 
tho light of Griffiths and Symons (1960) and Strickler (1961). 

JEXPERlMENi;Ab AND RESULTS 

Chemicals used were of Merk’s analytical reagent (quality. Triple distilled 
water was used for making solutions. 

♦ Present addi’ess : Physical Laboraterics, University of Jodlipur. Jodhpur, Rajasthan, 
India. 
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The measurements were carried out witli Hilger’s UVISPEK spectrophoto- 
meter by the method described earlier (1961), scanning the spectrum at an interval 
of 2.5 A on five nitrates-LiNOg, NaNOg, KNO 3 , NH 4 NO 3 and AgNOs, at different 
concentrations (10“'^ to 10“W) in state of aqueous solution. Since the nature of 
absorption in all these salts was same, to avoid repetition, the absorption curves 
of lithium nitrate are given in Fig. 1 . 



Fig. 1. Absorption curves nhowing bluo nhifi of 200 mu bantl of lithium iiitruto with pro- 
gressive dilution ill stuto of aqueous solution. 

The measurements centred round about 25° C. No observable cliange in the 
position of the absroption maxima was noticed for small room temperature varia- 
tions. 


DISCUSSION 

Close study of Fig. 1 . reveals a blue shift 10 ^ em~i in going from 10“^M 
to lO'^M concentration of aqueous solution of nitrates. At high concentrations 
the absorption maxima are flat and become sharp with dilution. 

To explain similar influence of enviromnent several models {GrifiSths and 
Symons, 1960) have been used (Cleaver et ul, 1961 ; Shimoji, 1961). In “expanded 
model“ (Platzman and Franck, 1964) the orbital of the excited electron is regarded 
as invading surrounding medium quite deeply whereas in “confined model“ (Smith 
and Symons, 1958), the orbitals of the excited electron are confined within the 
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nearest neighbour shell. Simple calculations of the retaining force on the excited 
electron, representing it by an infinite square well potential having spherical and 
symmetry and radius Bq, show that Bq comes out to be much larger than the sum 
of the radii of the cation and anion in complete disagreement with tlie case of iodide 
ion (Smith and Symons, 1958 ), whi(;h is known to give electron transfer s|KHitra. 
This coupled with the study (jf the effects (Strickler, 1961 ) of temperature and 
solvent, suggest that the observed spectrum of the nitrate ion is not duo to electron 
transfer but is due to the electron transitions localized on the ion itself, (lonse- 
quontly, the above described modes of influence of environment, which are meant 
for the electron transfer spectra, cannot be used in the case of nitrate ion. 

Nitrate ion is known to have planar structmro with oxyg(ui atoms at the <*or- 
ners of an equilateral triangle and the nitrogen at the centre, having D 3 symmetry 
and positive charge on nitrogen atom in close proximity to the negative charge on 
the nitrate ion (Janz and Mikawa, 1969 ). LCA0-MO treatment of the ion shows 
that TT- orbitals like /t-orbitals are localized on the oxygen atoms whereas n -orbitajs 
on the nitrogen atom in the nitrate ion. Hence tt* transitions also remove an 
electron from an antibonding 7r-orbital and places it in a strongly antibonding 
TT*- orbital. This results in a docriiaso in electron density in the region wher(i 
TT-orbital was located. A hydrogen bond formed with the oxygon atom Imving 
TT-orbital, places a positive (charge near that orbital, making it more difficult to 
remove the electron. This causes the increases in the energy of 7 r-> u* transition, 
shifting the band to higher ferccjfuencies. As hydrogen bonding increases with 
dilution, the blue shift of the band should also increase with progressive dilution. 
This is what has been obnerved 
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THE VISIBLE EMISSION SPECTRUM OF BiF 
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SPECTttoaconc Labokatokies, Andhra University, Waltair. 

{Received July 16, 1964; resubmitted August 9, 1965) 

Plato V 

ABSTRACT. Tlio visible band system of BiF has boon roin\'(^stigated both under 
low and high^disporsion. The vibrational analysis of the system has been considerably 
extended to include about 65 bands in the region (X 5000-5700 A). From a rotational 
analysis of lour bands (2,0), (1,4), (2,5), and (3,3) the constants of the upper v' ^ 2 and 3 
and lower — 4 and 5 levels have been newly determined. 

INTRODUCTION 

Recently T. A. P. Rao and P. T. Rao (1962) studied the emission spectrum 
of BiF excited in high frequency discharge in the visible and ultraviolet regions. 
The well known visible system in the region {A360()-A5200 A) was dosignad as 
In the ultraviolet region (A2250-A3200 A), system C reported by 
Rochester (1937) was observed and analysed into throe systems designated as 
Ci—Xg, and The levels JCj, and X^ were identified with 

of the ground state electron configuration 

(zer)'^ (yerf {xa)^ (wn)^ (vn'f ... ^2", ^A, ^2+ 

The first excited state A was attributed to ^2” of the first excited electron con- 
figuration 

(so-)'-* (ycr)*-* (w)‘^ {wn)^ (vn)^ ... ®2“ 

From the results of a rotational analysis of five bands (1,0), (0,0) (0, 1), 
(0, 2) and (0, 3), it v/as shown by Rao and Rao (1962), that this system arises from 
a 0+“0+ transition which is a case (c) equivalent of ^2^^ -'*2". The rotational 
constants of the upper state A have boon carried out only for the vibrational levels 
u' 0 and 1. The rotational structure of four bands (2,0), (1,4), (2, 5) and (3, 3) 
has now been examined in the second order of a 21ft. grating spectrograph (dis- 
persion 1.25 A/mni). Prom a detailed rotational analysis of these bands reportixl 
below the rotational constants of v' = 2 and 3 of the upper state and v" == 4 and 
6 of the lower state have been newly determined. 

The vibrational analysis of the A--Xi system in the region (A3600-59(X) A) 
has been considerably extended to include about 66 bands newly obtained in the 
present investigation. 
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A-O SO 60 70 80 90 >00 

(a) New additional bands in the visible A — Xi system of BiF 

(b) Fine structure of the (1. 4) Band of the A — Xi system of BiF 
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EXPERIMENTAL 

The A—Xi system of BiF was easily excited in a high frequency discharge 
from a 500 Watt oscillator working at a frequency of 30*40 Mc/sec using specpuro 
sample of BiPs taken in a conventional typo of quartz discharge tube. When 
a characteristic bluish discharge was maintaintvd by continuous external heating 
of the substance, in the visible system, new bands in the region (A 5000-5700 A) 
were observed and photographed on a Hilger three prism glass Littrow Spectro- 
graph. About 65 bands have been measured on a Hilger comparator using iron 
arc standards. 

Some of the bands of the A — systojn wnro also pliotographed in the 2nrl 
order of a 21 ft. concave grating spectrograph using Agfa Isopan super *^pocial 
plates. The rotational structure of the four b^nds (2, 0), (1.4), (2, 5) and (3, 3) 
was found to be free from overlapping of the ne%hhouring bands. The rotational 
lines of these bands were measured using iron arc wavelength standards. The 
relative accuracy in the measurement of rotational lines is about 0.07 cm~^ 

(a) Vibrational analysis 

The A-Xj system of BiF was reported by previous workers (Howell and 
Rochester, 1939 and Morgan, 1936) to consist of only about 40 bands in the region 
(A4150-A5I00 A). In the present experiments about 65 new bands have been 
obtained in the region (A5000— A5700 A) and reproduced in plate 1(a). Acconling 
to Howell the band heads of the A -X, system could be represented by the Quan- 
tum formula 

V = 22959.7+381.0(i7^+l/2)-3.00(?/41/^)^H ^10(t^'+l/2)^ 

^-510.7(??M 1/2)4 2.05(^^"4- 1/2)2 

A vibrational analysis of the now bands has shown that they constitute an exten- 
sion of the A—X^ system. The wavenumbers, classification and other data of 
the bands are given in Table I. About 60 bands could be classified and represented 
by the above quantum formula. The agreement between the observed and cal- 
culated values for most of the bands is within 4 cm~^ as can be st^en from Table I. 

(b) Rotational analysis 

From considerations of electron configurations and electronic states in BiF , 
the A—Xi visible system was assigned as ^2". Since the rotational struc- 
ture of each of the hands (1, 0), (0, 0), (0, 1), (0, 2) and (0, 3) reveals only the exis- 
tanoe of only two branches P and R, the hands were assumed to arise from a 

0+ O'*" transition which is a case (c) equivalent of . The rotational 

structure of each of the four bands examined in the present work also reveals the 
presence of the two branches P and R thus confirming the above transition. The 
J numbering is fixed for the (2, 0) and (2, 6) bands by a comparison of the upper 
state combination cbfferenoes. The J numbering in the (1,4) band is fixed by 
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TABLE I 


Aflrti^snment 





v' 

IntenHity 

i» Obfl 

p Cftl 

p Ohs— V Cal 

0 4 

7 

20894.7 

20893.0 

-f 1.7 

5 8 

6 

20787.4 

20788.2 

-0.8 

1 5 

6 

20781.5 

20780.3 

+ 1.2 

6 9 

6 

20670.5 

20670.3 

+ 0.2 

2 6 

6 

20665.4 

20664.6 

+ 0.8 

7 10 

4 

20555.4 

20r>.'54.3 

+ 1.1 

3 7 

6 

20548 . 0 

20545 8 

+ 2.2 

8 11 

4 

20435.3 

20440.9 

-5.6 

r> 9 

6 

2031 r>. 3 

20313.1 

+ 2.2 

1 6 

4 

20295.6 

20292 2 

+ 3.3 

6 10 

6 

20203.9 

20200.6 

+ 3.3 

2 7 

5 

20185.0 

20179.7 

+ 5.3 

7 n 

5 

20095.6 

20088.7 

+ 6.9 

3 8 

5 

20071.8 

20067.9 

+ 3.9 

8 12 

5 

19982.9 

19979.4 

+ 3.5 

4 9 

6 

19960 3 

1 9955 . 9 

+ 4 4 

9 13 

3 

19874.4 

19873.3 

+ 1.1 

f) 10 

5 

19850 5 

39844.7 

+ 4.8 

10 14 

3 

19774.6 

19771 0 

+ 3.6 

0 11 

5 

19739.4 

19734.9 

+ 4.5 

2 8 

o 

19707.7 

19702.2 

-{-5.5 

17 20 

5 

19638.9 

19636.4 

+ 2.5 

19 22 

5 

19534.1 

19536.9 

—2.8 

20 23 

4 

19497.9 

19503 .5 

-3.6 

0 7 

3 

19430 3 

19434 5 

-4.2 

5 11 

3 

19376 0 

19379.3 

-3.1 

1 8 

4 

1 9335 . 8 

19331 .9 

+ 3.9 

6 12 

4 

19278.5 

19273.4 

+ 5.1 

17 21 

4 

19216.8 

19211.8 

+ 5,0 

3 10 

2 

19124.5 

19124.4 

+ 0.1 

20 24 

4 

19088.3 

19089.2 

-0.9 

13 18 

3 

19059 6 

19056.1 

+ 3.5 

4 11 

2 

19025.5 

19020.6 

+ 4.9 

14 19 

3 

18982.2 

18979.1 

+ 3.1 

9 15 

2 

18968.5 

18970.8 

-2.3 

0 8 

2 

18959.5 

18956.6 

+ 2.9 

5 12 

2 

18918.6 

18917.6 

+ 1.0 

16 20 

4 

18909.2 

18008.9 

+ 0.3 

6 13 

2 

18817.1 

18816.0 

+ 1.1 

11 17 

2 

18790.4 

18787.0 

+ 3.4 
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TABLE I (contd.) 


Aflsignmont 

V' V* 

Intensity 

If Ohs 

p 

V OhR-v Cttl 

7 14 

3 

18720.0 

18716 4 

+ 3.6 

21 26 

2 

186G4.9 

18664.2 

■! () 7 

4 12 

3 

18558.1 

18559.1 

-1 0 

14 20 

2 

18546 2 

18550.4 

-4.2 

6 13 

3 

18165 4 

18460.2 

-1 5.2 

6 14 

2 

18366.0 

18.362 7 

-14 2 

11 18 

2 

18348.8 

18350.1 

-1.3 

18 24 

1 

18330.7 

18332 9 

— 2.2 

2 11 

3 

18295.0 

i 18293.1 

(-1.9 

14 21 

2 

18125.0 

18125 S 

H 0.1 

5 14 

2 

18000.7 

18006 9 

-1-2 8 

17 24 

o 

37965.1 

17962.7 

-1 2 4 

1 11 

1 

17920.0 

17922.8 

-2.8 

6 IT) 

1 

17010.6 

17913 5 

-2.9 

20 27 

1 

17881 4 

17876 0 

1 4.5 

21 28 

1 

17807.0 

17868.3 

-0.4 

2 12 

0 

17832.3 

17831 5 

-1-0 8 

13 21 

1 

17772.1 

17770 0 

-{ 2.1 

14 22 

1 

17709.1 

17705 3 

+ 3 8 

6 15 

0 

17550 2 

17557.7 

+ 0 5 

20 28 

0 

17481 8 

17481 .0 

-1 0 8 


TABLE II 

Vacuum wave numbers and rotational assignments for 2-0, 1-4, 2-5 and 3-3 

bands 


j 

2—0 

1—4 

2—5 

3-3 


B(J) P(J) 

a(J) P{J) 

R(J) P{J) 

p{j) p{j) 

1 

2 

3 

23637.09 

2I2C3 97 

63 49 


22490.18 

89.62 

4 

36.52 

62 92 


88.97 

5 

35 . 88 

62.33 


88.31 

6 

35.16 

61 74 


87.49 

7 

34.47 

61.08 


86.86 

8 

33.71 

60.44 


86.06 

9 

32.86 

59.78 


85.26 

10 

32.00 

59 00 


84.35 
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TABLE II (contd.) 


J 

2 

-0 

1 - 

-4 

2 

-5 

3—3 

R{J) 

p{j) 

ji{j) 

p{j) 

R ( J ) 

p(j) 

jt{j) 

p(j) 

11 


31.17 


68.31 




83.64 

12 


30.22 


57.54 


21137 91 


82.76 

13 


29.28 


56.76 


37.10 


81.80 

14 


28.16 


55.91 


36.21 


80.81 

15 


27.16 


66.02 


35.48 


79.82 

16 


26.02 


54.08 


34.57 


78.70 

17 


23624 80 


21253.10 


21133.73 


22477.61 

18 


23.90 


52 17 


32.80 


76.66 

1 !) 


22.90 


51.13 


31.82 


75.44 

20 


21.63 


50.15 


30.83 


74.15 

21 


20 37 


49.30 


29.84 


73.00 

22 


19.01 


47.94 


28.77 


71.78 

23 

23637.00 

17.63 


47.03 


27.75 

22490.79 

70.57 

24 

30.52 

16.12 


46.04 


26.55 

90.18 

69.14 

25 

35 . 88 

14 67 


44.87 


25.45 

80.62 

67 79 

26 

35 16 

13.19 


43.74 


24.. 59 

88 97 

66.40 

27 

34.47 

11.59 


42.57 


23.43 

88.31 

64.99 

28 

33.71 

10 00 


41.24 


22.26 

87.49 

63.47 

20 

32.86 

08.35 


39.96 


21.08 

86.86 

61.91 

30 

32.00 

06.57 

21263,07 

38 67 


19.69 

86.06 

60.71 

31 

31.17 

04.90 

63.49 

37.29 


18.53 

85.25 

59.24 

32 

30.22 

03.13 

62.92 

35 95 


17.25 

84.35 

57.63 

33 

23629.28 

23601.39 

21262.33 

21234.62 


21115.88 

22483.04 

22455.90 

34 

28.16 

23599 54 

61.74 

33.18 


14.63 

82.76 

54.28 

35 

27 . 16 

97.60 

61 .08 

31.61 


13.21 

81 .80 

52.06 

36 

26 02 

95.72 

60.44 

30.23 


11.83 

80.81 

50.89 

37 

24.89 

93.62 

59,78 

28.73 


10.47 

79.82 

49.14 

38 

23.60 

91 .65 

59 00 

27.17 


08.86 

78.70 

47.28 

30 

22.30 

89.59 

58.31 

25.69 


07.43 

77.61 

45.39 

40 

21.03 

87.62 

57.54 

24.00 


05.88 

70.65 


41 

19.77 

86.33 

56.75 

22.35 


04.30 

75.44 


42 

18.35 

83.17 

65.91 

20.69 

21137.91 

02.66 

74.16 


43 

16.91 

80.96 

55.02 

18.92 

37.10 

01.05 

73.00 


44 

15.42 

78.70 

54.08 

17.16 

36.21 

21099.50 

71.78 


45 

13.91 

76.39 

63.10 

16.42 

35.48 

97.82 

70.57 


46 

12.36 

73.96 

52.17 

13.58 

34.57 

96.11 

69.14 


47 

10.72 

71,47 

51.13 

11.66 

33.73 

94.37 

67.79 


48 

09.14 

68.91 

60.15 

10.01 

32.80 

92.66 

66.40 


49 

23607.47 

23566.43 

21249.30 

21208.06 

21131.82 

21090.83 

22464.99 


60 

05.63 

63.85 

47.94 

06.17 

30.83 

89.02 

63.47 
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J 

2—0 

1 

-4 

2 

5 3—3 

BiJ) 

p{j) 

B{J) 

p(j) 

B{J) 

P{J) H(J) P(J) 

51 

03.79 

61.20 

46.90 

04 24 

29.84 

87.15 

52 

02 10 

58.49 

45 64 

02 22 

28.77 

85.23 

53 

00 20 

55 84 

44 49 

00.20 

27. in 

83.37 

54 

23598.28 

53.21 

43 19 

21198.11 

26.55 

81 54 

55 

96.29 

50.44 

41 91 

96 04 

25.45 

79.55 

56 

94.28 

47 66 

40 65 

93.84 

24.24 

77 ,55 

57 

92.24 

44.73 

39 30 

91 83 

22.96 

7 5 . 59 

58 

90.09 

41.80 

37 93 

89 02 

2i.66 

73.45 

59 

88 00 

38 82 

36 57 

87 40 

20. 4K 

71 31 

60 

85.69 

35 88 

35 12 

85.21 

19.08 

69.18 

61 

83 52 

32 90 

33.71 

82 86 

17.92 

67.11 

62 

80 96 

2{) 75 

32.17 

80 58 

1^.36 

64.94 

63 

78.70 

26.60 

30.66 

78.30 

14.92 

02.70 

64 

76 38 

23 35 

29 11 

75 96 

19.55 

60.45 

65 

73 96 

20.08 

27.52 

73.50 

11.83 

58 18 

6(i 

23571 47 

23516 83 

21225 69 



21110 47 

210.55 95 

67 

68.91 

13.52 

24 00 

♦ 

08. 89 

53.56 

68 

66 43 

10 13 

22 35 

* 

07.43 

51 19 

69 

03.85 

06.76 

20 69 

21163 47 

05.88 

48.73 

70 

61 20 

03 24 

IH 92 

60.93 

04.30 

46.34 

71 

58 49 


17.10 

58 35 

02.66 

43.92 

72 

55.84 


15 42 

55 65 

01.05 

41.41 

73 

52.85 


13 58 

52 96 

21099.21 

38.95 

74 

40.95 


11.66 

50 27 

97.48 

36.33 

75 

47.08 


09 68 


95 51 

33.65 

76 

44.08 


07 (57 


93.81 

30.97 

77 

41.08 


05 61 


91.93 

28 52 

78 

37.95 


03.52 


89.99 


79 

34.94 


01,48 


88.08 


80 

31.75 


21199.32 


86.08 


81 

28 54 


97.21 


84.07 


82 

25 30 


94.99 


82.03 


83 

21.96 


92 80 


80.00 


84 

23518.65 


21190.41 


21077.96 


85 

15.16 


88.18 


75.59 


86 

11.68 


85.84 


73.44 


87 

08.18 


83.50 


71.31 


88 

04.58 


81.04 


69 18 


89 



78.66 


66.92 


90 



75.96 


64.39 


01 



73.50 


62 06 


92 



* . 


59 76 


93 



♦ 


57.29 


94 



* 


54.74 


95 



63.09 


62.27 


96 



60.31 


49 67 


97 



57.55 


47.14 


98 



54.81 


44.56 


99 





41.81 



* Masked by an atomic lino. 



678 K. Madhusadhana Rcuj and P. Tirmenganna Boo 


TABLE III 


v' V*' 

Band Origin 

B'v 

vmr^ 


10~o 

cm“i 

D% 10-8 

cm“i 

2,0 

23039.20 

0 2082 

0.2307 

0.35 

0.43 

i.o 

23269.44 

0 2090 

0 2307 

0.35 

0.43 

0,0 

22882. 65 

0.2097 

0 2307 

0.3.7 

0.43 

0,1 

22384.07 

0.2097 

0.2289 

0.35 

0.34 

0,2 

21880 7ri 

0.2097 

0 2273 

0.35 

0.31 

0.3 

21382.12 

0.2097 

0 2262 

0 35 

0.23 

1,4 

2126.7 2.7 

0 2090 

0 2244 

0.35 

0.23 

2.ri 

2114.7 28 

0 2082 

0 2227 

0 35 

0.23 

3,3 

22491 43 

0 2073 

0 2262 

0.35 

0.23 


cjomparison of tlu*. upper Hlate combination (liffereiUiOfci of (1, 0) band while in the 
(3, 3) band tlu^ nuiribering is fix(»d by a (jomparison of the lower state combination 
differences of (0, 3) band analysed by Rao and Rao (1962). The rotational cons- 
tants of tlie four baiifls (2, 0), (1,4), (2, 5) and (3, 3) were determined from the 
equation (Horzberg page 182) 

in wliich the combination differences of the upper and lower states are obtained from 

A.r(J) - H(J)--P(J) 

^ P(J + \) 

by following the usual graphical procedure. Tlie vacuum wavenumbers and the 
rotational assignments for the four bands are given in Table II. The J numbering 
of the P and M branches of 1, 4 band is shown in Plate 1(b)- In determining the 
rotational constant of the upper state y ' = 2, the average values of the upper 
state (combination differences for the (2, 0) and (2, 5) bands were used. 

The band origins, By and Dy values of the various upper and lower levels are 
collected in Table III. The values of and on the basis of the present work 
agree very well with the values reported earlier by Rao and Rao. The variation 
of Dy with V is too small and hence the same value of Dy is given for the levels 
y" = 4 and 6. 
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DYNAMICS OF THE VIBRATION OF AN ELASTIC- 
PLASTIC STRING UNDER TRANSVERSE IMPACT 


S. K. GHOSH AND SITNIL KUMAR BANERJEE 
Department of Physios, Jadavpur University, Caloutta-32 
(Received A^ngunt 11, 1905) 


ABSTRACT. Dynumu's of an olaHiic-plaHtii'. string struck by an inolastie transvorso 
load, has boon worki^d out in this pupor follo^Miig the well known operational method due 
to Honvisido. Tho importance of this paper is that luilike the case t-f an ordinary flexible 
string the velocities of the transverse wave motion at different points on both sides of tho 
struck-point of the elastic -plastic string, depend mainly on the strains at tlie corresponding 
points in th(i two portions of the string. The study of tlie displacements and prosiiire at 
tho struck point due to elastic -plastic waA^e gcnci*aiion in the siring is th(^ main feature 
of tho problem, published m two distinct <‘asos 1 and II. 

In cas<^ 1, thi» displaccmi'iit and pressure have been obtained when tlie string is 
struck at tlie middle point and in case lithe general expression for displaecmont of the 
string IS found whim it is struck near one end. 


T N T K O I) U OTI 0 N 


The Dynamics of vibration of string exoittnl by transverse impact have been 
worked out by a number of workt^rs. The new idea imludod in tho theory of the 
present topic iK that, unlike the case of an ordinary flexilile string, the velocities 
due to transverf-e wave projiagation at different points on b('th sidi^s of the struck 
point ol the string depend o.i unknown functions of strains at the corresponding 
points. A second important assumption, in this papi i*, is that the tension of tlu? 
string is known nondinear function of strain but does not depimd upon tlie strain 
rate. The ust'ful contributions of thes(‘ assumptions are mainly, the strains, the 
veiccdties of transverse waves and th(*ir gradi(‘nts are different from |3oint to 
point on both sides of the struck point of the string. In fact, the changes in the 
velocity-gradients at points being assuined to be different unknown functions of 
strains, being in the idea of elastic-plastic wave generation in the string 
vibrating under transverse inpact. 

Tho plane motion of tho struck-string (Ghosh, 1938) is studied by means of 
the equation of motion, 


^ ^ rf / T dy\ 

^ dt^ daWl-edsl 


... ( 1 . 0 ) 


The complete dynamics of the present problem liave Inen studied using tho power- 
ful operational inothcKl duo to Hoavisblo, and the results obtainod after suit- 

580 
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able approxunation, agree well with those derivetl in the ease e.f an ordinary 
flexible string. 


EXPLANATION OF THE SYMBOLS USED 

I = Length of the string =- « j 
a = Shorter segment of the string. 
h ~ Longer segment of th(‘ string. 

ft = Variable measnn'd along length of the string fixed at tt — 0 and $== I 
t - Variable time. 

y -- Displa-i enK'iit of any point at any time f. 

== Di8pla(*ement of any point, in 0 < i < ^/. 

^2 ~ Displaeojnent </f any point, in a <!# < /. 
ya “ Displacement of tlie stnu-k point, | - a. 
p ■— Linear density of the string, 
m ~ Mass of the hammer. 

T — Tension of tlie string, a kmn\m function of strain. 
e -- Variable Strain at any i)oint of the string. 

Ci(fi) Velocity of transverse wave motion of the string in the portion 

0 < ft < a. 

Coie) — Velocity of transverse^ wave motion of the* string in the portion, 
a < s < 1. 

Calf.) ~ Velocity of transverse wave motion at — a 
0^ ^ 2alc^ 

Vf^ — Velocity of impact. 

— t—nO^. AVhere ti ~ 1 , 2, 3, 4 etc. 

J -- m i\, 

P ™ Pre^ssuro exerted hy th(' hammer. 

D — Operator djdt. 


SOLUTION OF THE PROBLEM 


The e<ptation of motion of the Elastic-Plastic string can boa pproximatcly 
WTitten as, 


fy ^ 
dt^ dft 



T 

i+e 


y) 


(1.1) 


Equation (1.1) in the operational notation is, 

^2 ••• ( 1 . 2 ) 


where, 
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The solution of (1.2) is, 


pc^y = A cosh ^ 8+B sinh ^ s, 
c c 


A, B being constants. 


Here the string is clamped and the terminal conditions are, at, 

5 =rr 0 2/ =r 0 . 

S = n^ y = ya. c=-^cj 


(1.4) 


( 2 . 0 ) 


The hammer strikes the string at s — a if bo thf displacement of the struck 
point wo got from (t.4) and (2.0), 


?/i — ?/a 



2 


sinh s 

~D — ^ 

sinh. — a 


(3.0) 


sinh ~ (Is) 

V2 = l/J^y n («<«<0 - ( 3 . 1 ) 

' 2 ' ginh - 6 

The string which is straight initially, is supi)c>stHl to behave like a loaded 
string attached to s = a, excited by an impulse J. The subsequent equation 
for the load is given by, 


w 


dfi 




pci<‘ 


di/i \ 
d’8 / #»a 


(4.0) 


where the right hand side of (4.0) is the change in the value of (pc-^dy/ds) in crossing 
the point (s = a) in the poeitive direction. 

The corresponding pressure exerted by the hammer is given by the equation, 


P = 



... (4.1) 


Now equations (4.0), (3.0) and (3.1), together with boundary conditions give. 




1 

a»-a J 


-VaPCaD f coth ^ + coth- 

L Ca 


m 

Ca 



Since the string is elastic-plastic in nature, ((Ic2/d9),_.—((!c, can be taken 
as an^ function of strain say, ^(e). 
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Equation (5.0) then becomes. 


P^a 2/a P^a ^ ^otll + COth 1 +i>J (5.1) 

Ca <?a j 


whence we have, 


Va 


D 

F(b) 


... ( 6 . 0 ) 


whom, F{D) = I>H D I cotli -f i-oth— 4- v^(f.)\ ... (6.1) 

ni I Ca m ] 


STRING SEMT-INFXNITE: HAMMER STRIKES AT 
MIDDLE P O I N T 


In this case we put h z= and equation (OJ) bocomos, 


Da 


F(D) = D^+qD cotlx * +r 


... (7.0) 


whores 


q — and r — q^ic) 

m 


... (7.1) 


On substituting tiu^ exponential vahn^s of liyperbolie votangent in equation 
(7.0) and writing />j - D+a amd D.y J) b/? the final form of F{D) is, 


"A I 


(S.O) 


whore, 

and 

given by, 


nj), ^ (D-\^a)iD^\^fi) ^ D^+qD+r 
—a — p are the roots of D'^-yqD~\ r ~ 0 


... ( 8 . 1 ) 
... ( 8 . 2 ) 
... (8.3) 


The displacement y„ of the struck point can now be obtained by tlie equations 
(6.0) and (8.0), 
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Expaiwling multinomially, the right hand side, eqn. (9.0) becomes, 




_ 8{a \ (if If' ^ 2(a-(-yff)/)2 






} 


exp (—^DO )+••■ 


now writing, 


otc., 


DTn^ 

f (f) _ i^+P)D 
JaOi - 




and romemboring that, t„ ~ we get, 

Va =/i'«),'-:2A«,).4 W,)-2A(y,-S/'4(<3)+ W3)-2/',(i3)q ... 
Now etc., can be obtained as follows : 

/VO = ^®o4*^r(^_a0e-'-(yt4^<)e-/'‘] 

( J ¥?)[{-2 + T - 2 “ 

and so on, where A = , a and being given by (8.3). 


h- (9.1) 

... ( 10 . 1 ) 
... ( 10 . 2 ) 

... (10.3) 

... (ll.O) 

... ( 12 . 0 ) 

... ( 12 . 1 ) 

... ( 12 . 2 ) 
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Thus the displacements of the struck point at different intervals of time are, 
as follows ; 

during, 0 < e < Oa. 

ya=S\(t)^ ... (13.0) 

duiing. Oa<t< '10^, 

Va = y«(0 < t < 0^)~ ... (13.1) 

similarly during, < t <w„, 

Va Va (^« < I < ) 


[f I 



1 et'M 



and so on. 

Equations (13.0), (13,1), (13.2) etc. are the expressions of the displanemonts 
of the struck point at different intervals of time. These equations together with 
equations (3.0) and (3.1) will enable us to determine the general displacement of 
any point of the clastic-plastic string. 

It is interesting to noto in this connection that if ^(e) = 0 M e have from (S.3), 
fi — 0 and the expressions for the displacements of the struck-poiiit at different 
intervals of time takes up the following fonns : 


During, 

0 < « < 




... (14.0) 

During, 

0„<t< 20u, 


ya = ya(0 < t < Oa) 

~ ^J9[l-(l+?<i)e-?<ij 

... (14.1) 

During, 

Wa<t< Wa, 



ya = ya(0a<t<2eaH (14.2) 


Equations (14.U), (14.1) and (14.2) are the expressions for the displacements of 
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the struck point at different epoch M-ith the above approximations. These are 
exa(;t]y the same as those derived by Ghost* (1938) in the ease of an ordinary 
fltixiblo string. 

The presHure at rlifforerit epoolis exerted by the hammer on tlie string ean be 
oldaiiHid by means of equations (4.1) and (11. (^) as followf- : 

During, i) < t < 0^, 

p mt)„ ... (16.0) 

(g2-i 4r). 

During, 0^ <_ I < 20^, 


P, - P, I 


During, 


“r’-v m^+A-at,y “'‘-I /y2(2-.4 ... (ir,.i) 
2fh 1 < 


{(f 


I , :L4^ 1 yi , m , , aVl 

2+2 Je 


4-2a I ^ (3.44-l)a— I fi 

+/?* { I - ~ 2 

+ ... (15.2) 

Here also if we take — 0 the plastic behaviour disappears from the string 
and the different expressions for pressure as stated in (15.0), (15.1) and 15.2) 
become quite similar to those o})taimMi ])y (llioso (1938) for a floxble string. 

STKINt; SKMI-INFINITE : HAMMER STRIKES NEAR 

ONE END 

If hammer strikes the elastic -plastic string at = a m Inch is too small com- 
pared to 6, and as lim Cotli {DbjCa) — 1 (6.9) becomes, 

6->oo 

F(D) £^v fcoth^“ +1 ) +r ... (16.0) 

rn \ / 

Expanding coth(Dtt/Co) in a power series of DajCa and retaining terms containing 
a/Ca only, it is found, 

F(]J) =.-= D* f H ^ ) +^- D+ (P-A +r) 

\ 3w / m \ am I 


( 16 . 1 ) 
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From (6*0) and (16.i) wo havo, 



V. - “■ ,-rt - -f., . ». = ™ e*)) 

mo (D—q)(D—p) g— p ^ 

... (17.0) 

where 

== 1 and g, p are the roots of, 



PCa m IPC^ I y \ _ 

m„ \ am ( 

... (17.1) 

given by, 

2^ — —ft—h 

... (18.0) 


q = — /t-fiv 

... (18.1) 

whence, 

2»»o 

... (10) 

and, 

L\ Wo mo / 4mo®J 

... (19.1) 

Thus from (J7.0) and (18.0), (18.J) wo have. 



m Vft , 

Va ^ ^ sin 

7^0 V 

... (20.0) 


Equation (20.0) shows that tho clispiacoinent curve is of the damped oscillatory 
nature. Clearly tho damping is introduced duo to the) plastic nature of tho string. 
Also tile frepiiency is affected by the strain at tho corresponding stnuik-point. 
Thus unlike tiio case of an ordinary flexible string, the froquonoy of vibration of 

the olaFticj-plaaticj string is found to increase by an amount — r = ijr (e) as 

in tho frequency equation (19.1) when tho string is struck near one end. 

In the case of flexible string ^(e) = 0 and the corresponding frequency oqua- 
equation reduces to that derivcHl by Ghosh (loc. cit). 
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PERFORMANCE OF UNSTABLE PENDANT DROPS 
IN SURFACE TENSION MEASUREMENTS 

K. G. PARVATIKAR, 

Department of Physic s, (tovERNMENT First Grade College, Kolar 
(Rtretved September 13, 

ABSTRACT* TrwcIo and Parvatikar havo evolved an epxertmoiital te(ihniqu(3 to 
Hub joe t Die unstable pendant dropB for surfaces Ituision meaffun^meriis. Tn this paper modify- 
ing this techniqiic; and using a table drawn from fundamental (*onsiderations ut ilising Ford- 
ham’s tables, surface tension iiioaHuroinents have been made from the obscu’vod data on four 
licpiids which comparer favourably with the accepted values. 

T N 'J' R O D U C T I O N 

Tho use of pendant drops for surface tension measurements has boon suggested 
hy several workers such as Worthington (1885) and Ferguson (1912). The method 
remaincMl in disrepute for a considerable tiim^ hec^aust^ of difficult mcasununents 
involved in it. Recently, it has hc^eri made useful for exact work as a result 
of critical study of it by Andreas, et aL (1938). This method has been 
placed on better foundations by Fordham (1948) by supplying a table for the cal- 
culation of surface tension frimi measurements on pendant drops. Brovm and 
McCormick (1948), while wTirking out a new drop-weight method have shown by 
dimensional analysis that the shapes of all drops forming on a conical tip are similar 
at the unstable stage. 

As shown by Adam (1941), the equation to the outline of any pendant drop 
referred to axes of x and z can be written in the dimensionless form 


pib ^ xlb b 


... ( 1 ) 


whore h is the radius of curvature at the origin, which is the vertex of the drop, 
p is the radius of curvature in the plane of the paper at the point (.r, z), and 
2h^ 




, where is the capillary constant which connects the surface tension 


The 


1 2y . 

y by tlu; nJation ” ^( 7 * ’ ^ h^’iug the effective density of the liquid, 

angle <f> is the inclination at the point (a;, z) to the horizontal. 

Bashforth and Adams (1883), giving numerical solution of this equation have 
draw'n up a table of xjb and zjb for juany values of i/> and /?. These tables were 
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extended by F<)rdhani white supplying a tabular set of values necessary in the 
pendant drop niethofl suggested by Andreas, Hauser and Tucker. 

It is shown possible here that for a given value of /?, the ratio djr, d{ = 2 ^), 
being the depth of a pendant drop from the equatiorial plane and r(=:r x^) the radius 
of it in that plane, may be related to Obviously <f> — 90*^. wlien the point 

lies on the equatorial plane. 


Now, 

_ 

zjb 

r ^6 ' 

Xtjh 

and 

o 26 * 

A 

^ since 

therefore. 

II 

1 to 

( 




... ( 2 ) 




... ( 3 ) 


Knowing the values of Zg/h and Xgjh by interpolation from the tables of Bashforth 
and Adams, and Fordham. it is possible to calculate djr from Eq. (2) and a^jr^ 
from Eq.(3). Tlie computed values necessary for the present problem are given 
in Table T. This^table allows for direct interpolation of the intermediate values of 
djr. 


TABLE I 


Interpolatod values 



Zelh 

^elb 

filr 

fiijr- 

djr 

02/r2 

0.4500 

1 .309,01 

] . 103,67 

1,186,05 

3.648,71 

1.186 

3,648,71 

0 4625 

1.327,12 

1 .108,00 

1.197,76 

3 522,40 

1.197 

3.529,95 


If it is possible to measure djr of a pendant drop formed on a conical tip at 
the stage of instability, can bo known for the corresponding measured value 
of djr, and hence y, the surface tension can be calculated. It may be noted here, 
as mentioned above, that since the shapes of all drops forming on a conical tip 
are similar at the unstable stage, only one value of a^jr^ is required to be known 
precisely for an accurately measured value of dfr. 

The experimental problem was, therefore, of measuring the equatorial radius 
r, and the depth d of a pendant drop formed on a conical tip at the critical stage of 
instability. If sufficient time is allowed for proper development of a drop formed 
on a conical tip, it is possible to follow the changing shape and size of the drop 
until it just coHapsos from it, 
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kxperimental and results 

The experimental set up devised and the operations involved were exactly 
the same as adopted by Tawde and the author (1956), with the following modi- 
fications. The sources S was a monochromatic radiation of sodium lamp and 
the microscope was replaced by a camera, its lens being fitted in a tube which was 
fixed to the front window of the thermostat chamber. The camera was set on 
an optical bench at a suitable distance in order to get an enlarged sharp imago of 
the drop. There was a channel connecting the tube in which lens was inserted 
and the camera. In the place of the photographic plate in tlie camera, an oiled 
paper was enclosed in between two thin plane glass plates A weighted silk thread 
was hung as a plumb line very near to the glass plate and its image defined the 
vortical. A sharp blade was fixed to a tine screw arrangement which was fitted 
to the frame of the camera. By turning the screw, it was possible to move the 
edge of the blade up and down even to a very small (extent. The image of the 
edge of the blade vms perfectly horizontal. 

As the method involved measurements on the images of drops and the actual 
radius of the drop in the equatorial plane, it was necessary to know the magni- 
fication ratio (M). This was achieved by measuring the base of the actual conical 
tip and its enlarged image. The base of the conical tip was 12.60 ± 0.02 mm. 
By loosening the pinch-cock screw, a drop was allowed to grow slowly under 
gravity at the conical tip. The time taken for a drop to develop fully to the point 
of detachment was atleast seven minutes. The image of the plumb line was first 
adjusted so that the edge of the conical tip coincided with it. At the unstable 
stage of the pendant drop, the point lying on the equatorial plane Avas observed 
by a microscope capable of reading 0.001 cm. and at the same time by turning 
the screw the image of the edge of the blade Avas set tangential to the bottom of 
the drop. From these two settings on the image of the drop, = djr) was 

obtained. Readings wore repeated a number of times on fresh drops to obtain 


TABLE II 


Liquid 
at 30°C 

Effective 

density 

in 

gm./cc. 

M 

D 

in mm. 

R 

in mm. 

D 

R 


ffl2 

( From 
Table I) 

f/2 

Y m dynes/cm. 

in ram. 

in sq. 
mm. 

Present 

author 

T.C.T. 

Water 

0.9046 

5.054 

12.29 

10.27 

1.196 

2.032 

3.540,75 

14.620 

71.14 

71.18 

±0.05 

Toluene 

0.8525 

7.684 

12.49 

10.44 

1.196 

1.358 

3.540,75 

6.529 

27.23 

27.30 

±0.10 

Benzene 

0.8622 

7.685 

12.50 

10.45 

1.190 

1.360 

3.540,75 

6.548 

27.62 

27.60 

±0.05 

m-xyleno 0.8530 

7.698 

12.62 

10.55 

1.196 

1.370 

3.540,75 

6.646 

27.74 

27.80 

±0.10 
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confirmation of the ratio Djlt. Tin* actual radius r of tlu' dro]) was computed 
knowing B, and M. The liquids chosen for surface tension mcasunuuents w'(fro 
■water, toluene, benzene and w-xylene. A sarajde set of ohst'rvations ■which are 
the mean of at least ten independent drops of eacli li(]uid winch did not vary 
appreciably from each other are given in Table II. No attempt has been made 
at this stage to obtain the estimate of aecuraisy of results. 

On comparing the results in the last two eqiumns of Table II, it is apparent 
that there is a fair agnsunent of measurwl values of surface tension with those of 
I.O.T. Furthermore, since the shape factor rf/r is the same for dro])s of different 
liquids formed (m a conical tij). the investigation shows that the shapes of all 
drops forming on a conical tip an; similar at t^e unstable stage -a conclusion 
reached by Browm and McCormick by dimensional analysis. It w'ould be int<'r- 
esting to examine how far the unstable pemdant ^ro])s can be used to measure the 
surface t(>nsion of licpiids on this basis. This point is under investigation in this 
laboratory. 
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{Ht’crived Augufit 19, 1964: resubmitted August 23, 1965). 

ABSTRACT. In this paper tlin problem of n elastio spherical and tubular shells mis- 
fit in oaoli other is cousidrreil. Linear Himultanoous equations cloterrnininK the equili- 
liriiim bounchirioH have been formulated, the solution of wliieli gives Iho values of the para- 
meters (h^tormining not only the equilibrium (*onfiguration but also the stress-strain field and 
the related problems in the stnieture. Results for a particular problem, when the shells are 
3 in numbm*, are given for the case of spherical shells. 

INTRODUCTION 

Oonsidor a spherical shell of outer radius and inner radius r/j, in which a 
conccuitric shtdl of outer radius + radius «2 embedded. In 

this latter shell another one of outer radius agl 1 d ^2) inner radius is embedded. 
In this way lot a shell of outer radius and inner radius he embedded 

int(j the sluOl of outer radius Ur_i(l+^f_i) and inner radius a^. This is schemati- 
cally sliown in the adjoining figure. Eacjh of the are supposed to bti within the 
clastic limits. Further we suppose that'[no relative slipping takes placio and 
(lontinuity of the material is maintained throughout. 



Fig. 1 

Duo to the misfits in the sizes of the shells stresses develop within the structure. 
Determination of the elastic field and the equilibrium position form the subject 
matter of the paper. 

** Christ Church CoUdge» Kanpur, India. 
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Elastic Misfitting Shells 

Such problems have been studied by Mott and Nabarro (1940), Frankel 
(1946), Jaswon and Bhargava (1961), Biiargava and Kadhakrishna (coniniiini- 
catod) but in each case there was one single solid material inside. In a recent 
paper Bhargava and Pande (19611), have considered hollow inclusions. This paper 
generalises the above case in as much as tlie inner materials are hollow and are 
more in number. This problem is technically important as it is useful when 
the boundaries are reinforced. The problem has been solved by Energy Method 
suggested by one of the authors Bhargava (1963). This consists in taking an 
arbitrary, physically consistent equilibrium pasition and finding the energy in 
the material. That position will give the true equilibrium boundary which 
minimises the energy. 

For ease of exposition we name the shells ai follows : Tlu*. slicll vliosi* outer 
and inner radii are -i) respectively be named A^. Jt may be 

noted that f(jr the outermost shell the outer radius is i.e. ~ 0. 

On physical grounds the interface) both in tlu* (jase of sj>herical as well as 
tubular shells will be concentric spherical or tubular. We thus tak(? th(‘ common 
boundary of -4,. and to be (if[\ 1 Cj), We find tlu' energy in the nu'dium con- 
sisting of all tlie shells. We first give briefly the case for sifiierical shells. 

t^phericdl shells : Each shell will bo under uniform normal pressure due to 
the shells al)Ove and below it. It is known that for such a case, the normal, hoop 
and shear stresses pg^ and p^g are respectively of the form 

... ( 1 ) 

The radial and transverse displacements are 

== ’ “o ^ re»pectively. ... (2) 

The radial, hoop and shear strains will respectively be 





D 

3* 


and — 0 


... (3) 


fi and K being the shear and bulk moduli of the material. Lot and Kr^i bo 
the shear and bulk moduli for A^, 

As the transverse displacements are zero throughout we write Uf for the 
radial displacement. Lot the radial displacements for the outer and inncT 
boundaries of Af respectively be 

Uq — — and w, = a^.f. 
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On substituting these values in (2) and solving for C and D we get 

' «Vl- ^ — «*, 

for the shell Af. 

The total mechanical energy of tlio shell Af is given l»y 

iVr - {T{Pn^rr+2p..e.Mnr^dr- j U ^rdv- /J/dcr 
Uf V (l 

wlu're the thnse terms of tint riglit member of this eciuation give energy due to 
elastic f<»rees. body force's and the forct^s on tlie boundary. JJut there being no 
body or surface forces, the last two terms v'ill contribute nothing. Hence on 
substituting for ]>„, and and integrating wo get the energy ft)r A, as 


Wr - '2n{< 


u\} 




JV_1 

‘iK-, J 


It may be ivotcMl that for Aj^ and A„ the expressions for energy would not be 
symmetrical to A,. They woidd actually be 


W =- 247r//„fcu«i»(«o®-«i®) ^ 

^ 4/<urti*+:JV'o® * 


ir., 


- n-- l^n-l ^n~l) ■ 


*Pn- l<t-l I 3^ 




n 

The energy for the whole*. Kyst(‘.m would be If — S If y. 

The true values of (,r are those whicli iuininiis(^ the value of If. By the known 
theorem the extreiue valued of If are obtained by solving dWjde.f. ^ 0 (r = 1,2, 
... u—l). On simplifying we obtain tiio following set of equations for determining 

Cf. 

(B^+a^^a^^)e^ —(B^ -|- {B^-\ 

= ( -S3 4" 3*^^'4*-^4)^2 (“^6 4" 


(■®ar— 3 4“ ^ f-i^^^r^-^2r-2)^r-l (-®2r~3 4“^^r*^a»*-2 *4' -1 4" ^^r*‘®2r)^'r 

+ (B2f-i 4“^^A^r n*-®2r)^r 1 1“ (^2^-34“^^ ('®2r-i4"^f+l*^2r)^r 


. (3b) 
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(■®2n-6 ® n-2*^n-2*-®2n-4)®n-2 (-^ 211-6 4" H" )^n-l 

= (-^Bn-S 4“ ®n-2*<*n-l’*-®2n~4)<^n-2 “ -^n ^^n-1 

where B' = . 

4/^oai8+3AroV * 

Note that all Bj^ are constants. 

These equations can be inon^. sy stein aticallv pit in the matrix form 

U =- MS 


where e is a column vector ^n-i}? B m & symmetric; matrix of order 

(n— l)X(n— 1). 


— (■® 0 ^‘ 4 “-® i 4 “^^ 1 *-^ 2 ) (Bj-\-tti^Cl'2^B2) > b 0 ... 0 0 

(5i+aiV^2) -(i?i+«2®524-534-«*/^4)(^3+a2®^/8'^4) 0 0 ... 0 0 

0 (i^34-a2W^4) — (534-«3*^44-i?6+«8®-®e) Q 


0 0 0 0 ’~'(-^2«-“74"^n-2®^2n-e4--^2ti-64"^n-2®-^2n~4) 

(i^2n-5 4” ® n-2^®n-l**®8n--4) 

0 0 0 0 ... (^2w-64-^*n-2*<^n-'l^-®2n-4)‘~’(‘®2n-64-®n-l®‘®2»-44-*®n^) 

The determinant of the above matrix is called the continuant matrix.lt is compara- 
tively easy to find a recurring inversion formula for such a matrix. 

M is the matrix of order (n— l)(w— 1) 

0 0 ... ... 0 

{B^+Ui^a^^B^) —{B^+a^^B^) 0 ... 0 0 

0 —(^64-O8®-^0) ••• 0 0 

0 0 0 (^2«-64"tt*n-2^*n-i-B2«-4) — *®^n 

d is the column vector S^,,, 

6 
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The value of e will be 




where is the inverse matrix of L. 

This gives the values of in terms of known quantities. 

Having known Pff, Pr^ can be found from equation (1), after finding 
the values of 6V, from equations (3a). It is difficult, in the general case to 
prove the continuity of the normal stress p^r at the equilibrium interface. This 
can, however, bo seen indirectly from the following argument. At the interface 
of Af and ^^Prr is to be continuous, we must have 


a/(l 4 






a/(l 


i*®* ^f+i — *®f)> 


to the first order of approximation. 

This equation is identical with the simultaneous equations obtained above when 
approximate values of (V, substituted. In fact, the equation 

is the equation (3b). 

TubtUar Shells ; For the tubular shells we use the same notation as for the 
spherical shells. In this case also each shell would be under uniform nonnal 
pressure due to similar shells above and below it. The normal, hoop and shear 
stresses in this case will be 


Prr = yt +/>; Pm = == 0 


( 1 ) 


radial and transverse displacements wdll be 


m+f) '■ 


... ( 2 ) 


and, radial, hoop and shear strains will 
C , D 

^rr o 4 ‘ ^00 

2/ir 2(A4//) 


JJ 


2fir ^ 2(A-f//) 


: e.0 = 0 


where A and //- are the Lame’s constants. For A^ let those constants be A,._i, 

As throughout the traris verses displacements are zero we wTite for the radial 
iisplacement for Ar- Let -i) be the displacement at the 

Diiter boundary and ui = the. corresponding displacement at the inner boun- 
dary. 

Substituting these values of Uq, in (2) and solving for CV and Df we get 
r- = 2/<r-i«f-lV(<^r-l- fc f-H-e,) ft 2(Ay_, +/«r-l){Ver4-gf-i*(Vier-i)} 
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For th« outermost and the innermost shells these constants are evaluated from 
the equations obtained by equating to zero the normal preasuro at the outer 
boundary in the first case and inner boundary in the second case and equating the 
displacements to ajej, at the inner and — e„.i) at the outer boundary. 

Thus the elastic strain energy for A,, will be 
1 

= » / {Pnerr+lWw)inr dr = 

^ Of 

[ 

Also elastic strain energy for and A„ will be 



^ /<oOi*+(Ao4-Ao)«o* ^ 

u a ^r7x .ra 

rn r r f^n-v^n 


The total elastic strain energy of the system, therefore, will be 

V=^iVr 

We know that the total mochanicjal energy for the system 

>r= { n j 

V Q 

where the second and third integrals signify the energy due to body forces 
and the boundary forces ff of the system. In this case since both F^, and/,, are 
zero we have, therefore. 

1^= F 

The true values of as in the spherical shell case will minimise W. 

Thus equating dW/dCf = 0 and simplifying we get the following set of equa- 
tions. 
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2 r- 3 ^r^-® 2f-a^“-® 


(•®^2n-5“f"^^n-2^^n-l-® 2 n- 4 )^n “2 (-^ 2n-6^“®*«-^■® an-iH"-® n)^w-l 

(“S 2n-6"t"®^n-2®^n--l® 2 ttr- 4 )‘^n -2 ® n^w-1 

P' 2(A,,_l+/^f-i) , i^n ^'\)' 

^ ” /^«-i«\-.i+‘(A„-i+//n-i)a\ 

Wo give below the results for the particular case 'when there are only 3 shells in 
the spherical cast^. 

Those equations giving the values of and 62 are the following ; 

(Bq — {Bi’\-a^a^B,^e2 = {Bi-\-aiB^8y 


(Bi+a, 3 a 28 jB 2 ) 62 -(B,+a 2 «i? 2 +i? 3')^2 = (B^-¥a^WB.,)S^-B2^82 
where 

» 3AJj « / 12^2^2®2^(®2^ ®S^) 

* ^ Oi*— ai* ® 4/^2a2^+3^2®3® 

Solving these equations and substituting the values of JB’s wo have 

Ll (ai®— V)* ' 4 //. 2 a 2 ®+ 3 ifc 2 V ' 


~\~ 3^1)® \ ^ 4/<^2^2^'2^(^2^ ^3^) ^ *1 

(a^S-aV)® / " 4/^2a2»+3V3* 'J 


r f « 1®) , V(4/^ift2^+3< ;^ax^) l , 

Ll 4 /t 0 aj®+ 3 io«o® 0^1®— ^0® ®i®— ®2® 


, 4 / 42 fc 2 ^ 2 *W‘-Q 3 °) 1 _ ai®a 2 ®(^/^i+ 3 A?i) M 

4 ^ 2 ® 2 *+ 3 * 8 a 3 * / J ’ 
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r — ttg*) f (i|^) I -|- 3fc|a^*) 

L 4/<jaj*+3i:jOs® ' a^—a^ 

\ 


1®K®Z5'1*J I \ ;} 1 

4/{o«i^+3Vo* ^ ■ ai*-aa* i ‘J 


* r f 4/<o^oai>o^-gi^) , ai^(4/tig2^4-3fei«i’*> > f , 

.1 4/foaj8^3^^ Jl 


, 4/<ai2a®(4®-V)1 _fliV(4/ti+3fri)2] 

W4^3V3* f (gi®«2®)® i* 
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A POSSIBLE EXAMPLE OF A HYPERFRAGMENT. 

K. M. PATHAK 

DxPABTUiiin! or Physios, Cotton Collbob, Qaiteati. 

{Rweiwd AuguM 10, 1964). 

Plate VI 

The present communication describes an event observed in a systematic study 
of hyperfragments produced as a result of the interactions of 3 GeV II~-mesons 
with the G6 emulsion nuclei. The event which has been interpreted as being due 
to a h3rpemucleu8 is emitted from a parent star of the type (9+2) II". 
A miorophotograph of the event is given in Plate VI. 

The hypemucleus after travelling a distance of 20.94 comeS to rest as 
manifested by its tapering as well as end scattering. It decays into a 4-prong 
star. All the four visible prongs of the second star stop in the same pellicle. 
The relevant data for this event have been shown in the following Table I : 


TABLE I 


Track 

Bange in 
micron. 

Dip 

angle 

Angle *6* between the 
tracks in the plane 
of the emulsion. 

Probable 

identity 

Energy 

inMeV 

HF 

20.94 

47.4»±2'‘ 

©i-a = 108® 



1 

12.3 

38.8®±2* 

He* 

3.61 

2 

5.066 

50®±5‘» 

e,_i » 126® 

Li7 

2.37 

3 

200 

0 

e,_4 =. 84® 

Hi 

5.4 

4 

1396 

-14.8"±1* 

e*-! - 98® 

W- 

7.6 


The track (4) can be definitely identified as due to a Il'-meson from the nature 
of Coulomb scatterings and its end oharaotwistics. At the end, this track gives 

600 




K. M. Pathak 


Indian iounial of Physics. Vol. XXXIX, No. 12 

PLATE-Vl 





PUTE-J 

A microphotograph of the event observed in a systematic 
study of hypeifragments produced as a result of the 
interactions of 3 Gev i I -mesons with the G5 emulsion 
nuclei 
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rise to a single prong capture star. Track (3) which is flat one seems to be due to 
a singly charged particle. The track (1) may be due to a particle of charge either 
Z = 1, or 2. Main difficulty arises in identifying track (2) which is a short 
and steep recoil. Various identities for the tracks (1) and (3) have been assumed 
to interpret the recoil (2). At first, the directiqp and magnitude of the resultant 
unbalanced momentum of the track (4) and for different identities of the track 
(1) and (3) has been calculated out in space. It |8 found that only in few cases the 
the direction of the unbalanced momentum is fq|ind to be approximately in oppo- 
site sense to the direction of emission of the rcco|: the slight variation in the resul- 
tant direction for these cases is not appreciably ^rge and lies within experimental 
error of measurements. Thus for these scheiies we can verj’ well neglect the 
emission of energetic neutral particle. Knowin^hus the imbalance of momentum , 
the expected range of the recoil for its different ^entity has been determined with 
the help of the Wilkins curves. By trial, it is olsorved that the best identities for 
the tracks (1) and (3) would be He* and H* reapectively. With this assumption 
for the particles, the unbalance of momontum[( 176.1 Mev/c) if attributed to a 
Li’-nucleus, the expected range of the recoil fits well with it observed range. 

Thus we can wnrite the most plausible decay scheme for the event as follows ; 

- He<+LiHHHII-«. 

and the corresponding Ba = 10.03i0.74 Mev. The ‘Q’-value of the A®-decay was 
taken to be 37.68 i 0.16 MeV (Ammar ei ah, 1960). Further, in calculating the 
Ba -values, it has been assumed that the nuclear fragments i.e. y^B** and Li^ 
are produced in their ground states. 

If the emission of one (or more) neutron in assumed, it becomes difficult to 
fit any such scheme. 
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MATHEMATICAL APPARATUS OF THE THEORY OF ANGULAR MOMEN- 
TUM— by A. P. Yutsis, I. B. Levinson and V. V. Vanagas. Published by 

the Israel Program for Scientific translation. Price... 

The book under review, an English translation from the original Russian, is 
an important and fruitful contribution t(* the current literature on the highly 
useful and specialized branch of quantum mechanics — the theory of angular 
momentum. It starts with a brief discussion of tlio relation between angular 
momentum operators and spatial rotations. The subsequent chapters mainly 
deal to begin with the problem of vector addition of two angular momenta, then 
with the problem of addition of an arbitrary number of angular momenta, and 
finally discuss the various properties of vector coupling co^eflScients. A major 
part has been dewoted to the highly useful graphical methods for operations with 
Jm- and 3'n/*coefficionts, and properties of irreducible timsor operators and their 
matric elements. The book thus, may bo considered as a review of the properties 
of vector coupling co-efficients — the so-called CIcbs- Gordon and Wigner coeffi- 
cients, an important mathematical apparatus in the quantum mecihanical calcula- 
tions involving the coupling of a number of angular momentum operators. In 
vector coupling problem, one usually finds various terminologies, used by different 
workers such as Clebs-Gordon coefficients, Wigner coefficients, Racah’s IT-coeffi- 
cients, 3 /-coefficients, Jm-coefficionts, 3w./-coofficients etc., between which con- 
fusion in definitions is often met with in literature. The authors have, carefully 
and preserved their distinction to their as well as readers^ convenience with specific 
definition for each of them. 

The authors appear to have assumed the reader’s preliminary acquaintance 
with the methods of group theory and the properties of quantum mechanical angular 
momentum operator and one encounters the frequent reference to Condon and 
Shortby’s book “The Theory of Atomic Spectra”, Wigner’s book “Group theory” 
and Racah’s work (1042, Phys. Rev). Moreover, many of the results and mathe- 
matical inferences have been simply quoted without giving their proofs, perhaps 
to avoid cumbrous and tedious algebraic computation. Stress has been laid 
on the methods of calculation rather than on the derivation of those methods. 
Of course, the authors did not fail to give the complete references of the original 
works whore an inquisitive reader may find the necessary proofs to his satisfaction. 
On the whole, the book will be highly useful to the scientific workers engaged in 
advanced research in many branches of Theoretical Physics, and interested more 
in having the ready formulae and methods of calculation rather than in their 
complicated derivations. 
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As stated earlier, the present contribution is a translation from the original 
Russian and the reviewer is unable to assure the faithfullness to the translations. 
However, the translator in his note admits that ‘‘translation, unlike rotation, cannot 
be always represented in a ‘unitary’ form”. Even assuming unavoidable devia- 
tions from the original Russian, the translation lacks no clarity, continuity and 
lucidity of exposition, 

U, S, Ohosh 
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